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HUMANIZED ANTI-ErbB2 ANTIBODIES AND 
TREATMENT WITH ANTI-ErbB2 ANTIBODIES 



10 Field of the Invention 

Background nf t he Invention 

The ErbB family of receptor tyrosine k.nases are ttnportan, mediators of cel. -rowth H*ff 

usw;, and Wu etal. J. Clin. Invest. 95:1897-1905 (1995). 
The second member of the ErbB familv n\** neu ■ . 

Amplification o flhe „aa,„ „„ molog o f ^ b I , 

pancreas and bladder W *r™„„ 5«*>»u, jung, Kidney, colon, thyroid, 

ana madder. See, among others, King et aL, Science, 229*974 H985V Ynt . / , 
noo^ c , . ' ■"^-~/** (Jyojj, Yokoia et al. % Lancet- l«7As 7/; 7 

(1986); Fukush.g, era/., Mo/ CW/ftW., 6:955-958 (1986V r„., ■ -765-767 

, ^ yD5(,y8C) >'Geurinera/.,0/jcope/ie/?« 3?1 11 nossn <- u 

a/.. Oncogene 4-R1 Rsnoem v ' J 1 ( 1 Cohen et 

,^«c6/ge/ le ,4.«J-»8(l989);Yonemurae/a/.,Ca/7cer/?ej 51-iminoonr, 
(1990V , , ^ «"«"■*«., 51 . 1034 ( 1 99 1 ); Borst er a/., Gynecol. Oncol 38 364 

(1990),We,nere / a/. ) Ca«cer/ ?e ,,50:421-425(1990);Kern«a/..Ca, I cer/ ? « 50-5184 nooo. P , 

, 49:6605 ( ] 989V Zhau „ nt m , r- ™cer K es. , 50.5 1 84 ( 1 990); Park etal. , Ca/tcer 

(1988)- W,r ^' 3:354 " 357 (, " 0); AaSla " d « * Br. J. Cancer 57 358 363 

(1988), Williams et aL Pathiobiology 59 46-52/1 99 iv ani)M r> , 5/.35S-363 

» ^.«o 5^ (1991), and McCann et aL, Cancer, 65:88-92 (1990). 
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ErbB2 may be overexpressed in prostate cancer (Gu et al. Cancer Lett. 99: 1 85-9 ( 1 996); Ross et al. Hum. Pathol. 
28:827-33 (1997); Ross et al. Cancer 79:2162-70 (1997); and Sadasivan et al J. Urol. 150:126-31 (1993)). 

Antibodies directed against the rat p 1 E5 neu and human ErbB2 protein products have been described- Drebin 
and colleagues have raised antibodies against the rat neu gene product, pl85* eM See, for example, Drebin et al, 
Cell 4} :695-706 ( 1 985); Myers etal, Met h. Enzym. 1 98:277-290 ( 1 99 1 ); and W094/22478. Drebin et al Oncogene 
2:273-277 (1988) report that mixtures of antibodies reactive with two distinct regions of p 1 85**" result in synergistic 

anti-tumor effects on /lew-transformed NIH-3T3 cells implanted into nude mice. See also U.S. Patent 5,824,31 1 
issued October 20, 1998. 

Hudziak et ai, Mol Cell Biol 9(3): 1 165-1 172 (1989) describe the generation of a panel of anti-ErbB2 
antibodies which were characterized using the human breast tumor cell line SK-BR-3. Relative cell proliferation of 
the SK-BR-3 cells following exposure to the antibodies was determined by crystal violet staining of the monolayers 
after 72 hours. Using this assay, maximum inhibition was obtained with the antibody called 4D5 which inhibited 
cellular proliferation by 56%. Other antibodies in the panel reduced cellular proliferation to a lesser extent in this 
assay. The antibody 4D5 was further found to sensitize ErbB2-overexpressing breast tumor cell lines to the 
cytotoxic effects of TNF-a. See also U.S. Patent No. 5,677,171 issued October 14, 1997. The anti-ErbB2 antibodies 
discussed in Hudziak et al are further characterized in Fendly et al Cancer Research 50: 1550-1558 ( 1990); Kotts 
etal In Vitro 26(3):59A ( 1990); Sarup et al Growth Regulation 1:72-82 (1991); Shepard et al J. Clin. Immunol 
11 (3): 117-127 (1991); Kumar et al Mol Cell Biol 1 l(2):979-986 (1991); Lewis et al Cancer Immunol 
Immunother. 37:255-263 (1993); Pietras et al Oncogene 9:1829-1838 (1994); Vitetta et al Cancer Research 
54:5301-5309 (1994); Sliwkowski era/. J. Biol Chem. 269(20): 14661 -14665 (1994); Scott et al J. Biol Chem. 
266:14300-5 (1991); D'souza et al Proc. Natl Acad, Sci. 91:7202-7206 (1994); Lewis et al Cancer Research 
56:1457-1465 (1996); and Schaefer et al Oncogene 15:1385-1394 (1997). 

A recombinant humanized version of the murine anti-ErbB2 antibody 4D5 (huM Ab4D5-8, rhuMAb HER2 
or HERCEPTIN®; U.S. Patent No. 5,82 1 ,337) is clinically active in patients with ErbB2-overexpressing metastatic 
breast cancers that have received extensive prior anti-cancer therapy (Baselga et al, J. Clin. Oncol 14:737-744 
(1996)). HERCEPTIN® received marketing approval from the Food and Drug Administration September 25, 1 998 
for the treatment of patients with metastatic breast cancer whose tumors overexpress the ErbB2 protein. 

Other anti-ErbB2 antibodies with various properties have been described in Tagliabue et al Int. J. Cancer 
47:933-937 ( 1 99 1 ); McKenzie et al Oncogene 4:543-548 ( 1 989); Maier et al Cancer Res. 5 1 :536 1 -5369 ( 1 99 1 ); 
Bacus et al. Molecular Carcinogenesis 3:350-362 (1990); Stancovski et al PNAS (USA) 88:8691-8695 (1991 ); 
Bacus et al Cancer Research 52:2580-2589 (1992); Xu et al Int. J. Cancer 53:401-408 (1993); WO94/00J36; 
Kasprzyk et al Cancer Research 52:277 1 -2776 ( 1 992);Hancock et al Cancer Res. 5 1 :4575-4580 (1991); Shawver 
etal Cancer Res. 54:1367-1373 (1994); Arteaga et al Cancer Res. 54:3758-3765 ( 1994); Harwerth a /. J. Biol 
Chem. 267:15160-15167 (1992); U.S. Patent No. 5,783,186; and Klapper et al. Oncogene 14:2099-2109 ( 1997). 

Homology screening has resulted in the identification of two other ErbB receptor family members; ErbB3 
(US Pat. Nos. 5,183,884 and 5,480,968 as well as Kraus etal PNAS (USA) 86:9193-9197 (1989)) and ErbB4 (EP 
Pat Appln No 599,274; Plowman et al, Proc. Natl Acad. Sci. USA. 90:1746-1750 (1993); and Plowman et al, 
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Bolb ^ recepro . 5display _ express|on _ m ^ _ ^ _ 

TtaBtB reeep,ors are ,e„e„,„ y found „ various cornbina , io ,, s ,„ ^ heler<x|imeri 
5 35: , ,„, 2 (1W5) , EGFR - by six dWcre „, epiderma , ~ 

be^II*, and epireeulin (Croeilen „ „ " « * (HB-ECF), 

~«* , rorn ato „ ivc . plicinp of , s ,„ g|e geM ^ f ^ 2 ' ^ * *-* «*y P-.e.ns 

» Schaefer^a/. O/icogene- 15:1385-1394 fl997U n*„ H;rr , 

(1997)), neu d.fferent.at.on factors (NDFs), elial growth factor, ,rr PcA 
acetylcholine receptor inducine activitv cab. A^ a " (GGFs); 

P inducing activity (ARIA); and sensory and motor neuron derived facior (SMDF) For, 
rev.ew, see Groenen et al. Growth Factors 1 1 235 257 n QQ<n i . ^ 

f 1 99M an H , , D1 ( )! LemkC ' ° " ofec - 4 Celi Neurosci. 7 247-262 

(1996) and Lee et al. Pharm. Rev 47 5] SS i-ioa<;\ d , . 

«ev. 47.51-85 (1995). Recently three additional ErbB ligands were identify. 

r;,^7 7 ;;;r: 387:5, r 16 <,W7>,; ° cure8u "*- 3 * h bi - ds -~ - - ~ 

i ej.iooz- / ( 1 997)); and neureeu n-4 which hind* FrKR/t /u , ~ 

, nd eplregllli „ also J nd , oErb h ; 4 hb '" dS ErtB4 ffl ™ - '■=»«-•»<■ ^»HB.EOP. 

i^^(JV95), and Lewis et al. Cancer Res 56- 14S7 /ioo<, -■ 

complex ErbB4 like ErbB 3 fo™ ' " *° ** ETbB2 ^ P^in 

( I99 4), ' 0m,S a " 3Ct,Ve S ' gnaling COmP ' eX W " h ErbB2 <Carraway and Cant.ey, Ceil 78:5-8 

Summary of the lnv P n,;nn 

J°jr T '?r m ,nven "°" prov,des a ^ ° r 
f rz erow, K or recep,or <ecfei ' comprui " s — - *< » * 

elective amount of an anubody which binds ErbB2. 

tareeted d^ adVama?eS " ^ *** ^ «° "« SUCh — « to EGFT?- 

an enormous sink for active drug where the drug binds to EGFR In ,HHi, „• 

other EGFR tar<. e ,,H H u Sk '" ,OXld,y haS been obse ™d for 

otner tGFR-targeted drugs such as the chimeric anti-EGFR antibodv C27S nnW ,. . , 

„i, ui.- ■ °° y CZZ5 and the sma mo ecu e drut? 7D1R^Q 

^ b ^BCM. ^ wh , ch blpd ErbB2 ^ , o tove a bMier ~ 

Where ■h s ,„„b <)d y usedfor , h here . nl>| 
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and/or affinity matured variants thereof) will interfere with EGFR/ErbB2, ErbB3/ErbB4 and ErbB2/ErbB3 
heterodimers. In addition, the antibodies herein that bind ErbB2 and block ligand activation of an ErbB receptor 
will be complementary to EGFR -targeted drugs, where EGFR-targeted drugs are not complementary to each other. 

The invention further provides a method of treating cancer in a human, wherein the cancer is not 
characterized by overexpression of the ErbB2 receptor, comprising administering to the human a therapeutically 
effective amount of an antibody which binds to ErbB2 and blocks ligand activation of an ErbB receptor. 

In addition, the present invention provides a method of treating hormone independent cancer in a human 
comprising administering to the human a therapeutically effective amount of an antibody which binds ErbB2 
receptor, and blocks ligand activation of an ErbB receptor. 

The invention further provides a method of treating cancer in a human comprising administering to the 
human therapeutically effective amounts of (a) a first antibody which binds ErbB2 and inhibits growth of cancer cells 
which overexpress ErbB2; and (b) a second antibody which binds ErbB2 and blocks ligand activation of an ErbB 
receptor. 

The invention also provides a method of treating a cancer in a human, wherein the cancer is selected from 
the group consisting of colon, rectal and colorectal cancer, comprising administering to the human a therapeutically 
effective amount of an antibody which binds ErbB2 and blocks ligand activation of an ErbB receptor. 

In further embodiments, the invention provides articles of manufacture for use (among other things) in the 
above methods. For example, the invention provides an article of manufacture comprising a container and a 
composition contained therein, wherein the composition comprises an antibody which binds ErbB2, and further 
comprising a package insert indicating that the composition can be used to treat cancer which expresses epidermal 
growth factor receptor (EGFR); - . . 

The invention additionally pertains to an article of manufacture comprising a container and a composition 
contained therein, wherein the composition comprises an antibody which binds ErbB2 and blocks ligand activation 
of an ErbB receptor, and further comprising a package insert indicating that the composition can be used to treat 
cancer, wherein the cancer is not characterized by overexpression of the ErbB2 receptor. 

Also, the invention relates to an article of manufacture comprising a container and a composition contained 
therein, wherein the composition comprises an antibody which binds ErbB2 and blocks ligand activation of an 
ErbB receptor, and further comprising a package insert indicating that the composition can be used to treat hormone 
independent cancer. 

In a further embodiment, an article of manufacture is provided which comprises (a) a first container with 
a composition contained therein, wherein the composition comprises a first antibody which binds ErbB2 and inhibits 
growth of cancer cells which overexpress ErbB2; and (b) a second container with a composition contained therein, 
wherein the composition comprises a second antibody which binds ErbB2 and blocks ligand activation of an ErbB 
receptor. 

A further article of manufacture is provided which comprises a container and a composition contained 
therein, wherein the composition comprises an antibody which binds ErbB2 and blocks ligand activation of an 
ErbB receptor, and further comprises a package insert indicating that the composition can be used to treat a cancer 
selected from the group consisting of colon, rectal and colorectal cancer. 
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The invention addi,iona„y provides: a humanized antibody which binds ErbB2 and blocks lig and 
aCt, ~ fa "ErbBr W 

earner; and an imn.unoconjuga,e comprising the humanized ant.body conjugated with a cytotoxic a*ent 

Moreover, the invent.on provides isolated nuc.eic acid encoding the humanized antibody; a vector 
, compr.smg the nucleic acid; a host ce„ comprising the nuc.e.c acid or the vector; as we,, as a process of producing 
the humamzed ant.body comprising cu.turing a host ce„ comprising the nucleic acid so that the nuc.eic acid i! 

expressed and, optionany.funhercomprising recovering, he humanized antibody from the host ce„ cu.ture (, , f rom 
the host cell culture medium). 

The mvention further pertams to an tmmunoconjugate comprising an antibody which b.nds ErbB2 
« conjugated to one or more caHcheamicin molecules, and the use of such conjugates for treating ErbB2 expressing 
22 7 m ErbB2 h ° VereXPreSSing ~- a ^ferab,y, the antibody in the conjugate is monoclonal 

-body 4D5, e.g., humantzed 4D5 (and preferab.y huMAb4D5-8 (HERCEPTIN®); or monodona, ant.body 2C4 
^ humanized 2C4, The antibody in the immunoconjugate may be an intact ant.body (e.g., an intact .gO,' 
ant.body) or an antibody fragment (e.g. a Fab, F(ab ),, d.abody etc). 
15 Brief Desc ription of the Drawing s 

RgUreS 1 A and ,B de P ict e P-Pe mapping of resid ues 22-645 within the extracel,u,ar doma.n (ECD) of 
ErbB2 (ammo ac.d sequence, induding signa. sequence, shown in E.g. ,A; SEQ ID NO:, 3) as determined by 
truncate mutant anaJys.s and site-d.rected mutagenesis (Nakamura,,./. W.g^^iO^H^^, (,993)- 

>0 IT:;''' '™l BiOL ,25(6):I395 - I406(] " 4 ^ ^va,o U sErbB2-ECDtru„cationsorpo.„tmuta,onswer 
-0 prepared from cDNA us.ng po.ymerase chain react.on techno.ogy. The ErbB2 mutants were expressed as g D fus.on 
protem,namamma,ianexpression p.asmid. This expression plasmid usesthecytomega.ov.rus promoter/enhancer 
w.th SV40 term.nat.on and P o,yadeny,a,io„ signa.s ,oca,ed downstream of the inserted cDNA. P.asmid DNA was 
transacted into 293 ce„s. One day fo.lowing transfect.on, the ce„s were me,abo,ica„y .abe.ed overnight in 
methane and cysteine-free. ,ow g.ucose DMEM containing , % dlalv2ed fetaI bovine serum and 25 ^ 

meOnonme and S cysteine. Supernatants were harvested and either the an,i-ErbB2 monodona, ant.bod.es or 
conuo, ant.bod.es were added to the supernatant and incubated 2-4 hours at 4"C. The comp.exes were prec.p.tated 
apphed to a ,0-20 % Tr.c.ne SDS gradient ge, and e.ectrophoresed a, ,00 V. The ge, was electrob.otted onto a 
membrane and ana.yzed by autorad.ography. As shown in Fig. IB, the a„ti-ErbB2 antibod.es 7C2, 7F3, 2C4, 7D3 
3E8. 4D5, 2HI 1 and 3H4 bind various ErbE2 ECD epitopes. 

Figures 2A and 2B show d,. effect of , mi . E rbB2 tnonoclon.l amib<x , ie5 2ct a „ d 7F3 on rH 
uc„va,,o„ or MCF, on,,, Fi g . M shows dosu-s.spousu cusues fo, 2C4 « 7F3 inhibition of HRG s,i m „,a,io„ of 

Figure 3 depicts inhibition of specific 125 I-,abeleHrHRr.Ri u- , 

• ■ , , F tabeJed rHRGp 1 77.244 binding to a pane, of human tumor cell 

hnes by the a„t,ErbB2 monodona, antibod.es 2C4 or 7F3. Monodona, antibody-controls are isotype-matched 
munne monodona, ant.bodies that do not b.ock rHRG binding. Nonspecific ,25 I-,abe,ed rHRGp, I77 244 bindino 
was etermined from paraHe, incubations performed in the presence of ,00 „M rHRGp 1 . Va,ues for nonspecific 
abeled rHRGP1 "7-244 Ending were less than , % of the total for a„ the ce„ Jines tested. 
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Figures 4A and 4B show the effect of monoclonal antibodies 2C4 and 4D5 on proliferation of MDA-MB- 
175 (Fig. 4A) and SK-BR-3 (Fig. 4B) cells. MDA-MB-175 and SK-BR-3 cells were seeded in 96 well plates and 
allowed to adhere for 2 hours. Experiment was carried out in medium containing 1 % serum. Anti-ErbB2 antibodies 
or medium alone were added and the cells were incubated for 2 hours at 37°C. Subsequently rHRGpi (InM) or 
5 medium alone were added and the cells were incubated for 4 days. Monolayers were washed and stained/fixed with 
0.5% crystal violet. To determine cell proliferation the absorbance was measured at 540 nm. 

Figures 5 A and 5B show the effect of monoclonal antibody 2C4, HERCEPTIN® antibody or an anti-EGFR 

antibody on heregulin (HRG) dependent association of ErbB2 with ErbB3 in MCF7 cells expressing low/normal 

levels of ErbB2 (Fig. 5A) and SK-BR-3 cells expressing high levels of ErbB2 (Fig. 5B); see Example 2 below. 

10 Figures 6A and 6B compare the activities of intact murine monoclonal antibody 2C4 (mu 2C4) and a 

125 

chimeric 2C4 Fab fragment. Fig. 6A shows inhibition of I-HRG binding to MCF7 cells by chimeric 2C4 Fab 
or intact murine monoclonal antibody 2C4. MCF7 cells were seeded in 24-weIl plates ( 1 x 10 5 cells/well) and grown 
to about 85% confluency for two days. Binding experiments were conducted as described in Lewis et al Cancer 
Research 56:1457-1465 (1996). Fig. 6B depicts inhibition of rHRGpi activation of pi 80 tyrosine phosphorylation 

15 in MCF7 cells performed as described in Lewis et al. Cancer Research 56:1457-1465 (1996). 

Figures 7A and 7B depict alignments of the amino acid sequences of the variable light (V L ) (Fig. 7A) and 
variable heavy (V H ) (Fig. 7B) domains of murine monoclonal antibody 2C4 (SEQ ID Nos. 1 and 2, respectively); 
V L and V H domains of humanized 2C4 version 574 (SEQ ID Nos. 3 and 4, respectively), and human V L and V H 
consensus frameworks (hum k1, light kappa subgroup I; humlll, heavy subgroup III) (SEQ ID Nos. 5 and 6, 

20 respectively). Asterisks identify differences between humanized 2C4 version 574 and murine monoclonal antibody 
2C4 or between humanized 2C4 version 574 and the human framework. Complementarity Determining Regions 
(CDRs) are in brackets. 

Figures 8A to C show binding of chimeric Fab 2C4 (Fab.v 1 ) and several humanized 2C4 variants to ErbB2 
extracellular domain (ECD) as determined by ELISA in Example 3. 
25 Figure 9 is a ribbon diagram of the V L and V H domains of monoclonal antibody 2C4 with white CDR 

backbone labeled (LI, L2, L3, HI, H2, H3). V H sidechains evaluated by mutagenesis during humanization (see 
Example 3, Table 2) are also shown. 

Figure 10 depicts the effect of monoclonal antibody 2C4 or HERCEPTIN® on EGF, TGF-a, or HRG- 
mediated activation of mitogen-activated protein kinase (MAPK). 
30 Figure 11 is a bar graph showing the effect of anti-ErbB2 antibodies (alone or in combinations) on Calu3 

lung adenocarcinoma xenografts (3+ ErbB2 overexpressor). Note: treatment was stopped on day 24. 

Figure 12 depicts the effect of recombinant humanized monoclonal antibody 2C4 (rhuMAb 2C4) or 
HERCEPTIN® on the growth of MDA-175 cells as assessed in an Alamar Blue assay. 
Figure 13 shows the efficacy of rhuMAb 2C4 against MCF7 xenografts. 
35 Detailed Description of the Preferred Embodiments 
L Definitions . 

An "ErbB receptor" is a receptor protein tyrosine kinase which belongs to the ErbB receptor family and 
includes EGFR, ErbB2, ErbB 3 and ErbB4 receptors and other members of this family to be identified in the future. 
The ErbB receptor will generally comprise an extracellular domain, which may bind an ErbB ligand; a lipophilic 
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£T reSidU " ** ^ * *» receptee ^ be a "native „ 

ErbB ^ ' 0rOTan atnmoac rd aequence variant" rhereof. Preferably the ErbB receptor is native sequence human 
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refer ,o EG R T T ^ "* ^ °" - «- *~ - 

efer - *r eaatppha. i„ Center « „„„. „„. ^ 

421 ] (1990)). er6B 1 refers lo the gene encoding the EGFR protein product 

The expresses "ErbB2" and "HER2" are used in,erchangeab. y heretn and refer to human HER2 protein 
described, for example, in Semba era!., PNASWSA) 82-6407 «n, . ,o« , . 

234.lQ R *,,r u t ™"<^ 82.6497-650! (1985) and Yamamo.o «/ ./We 319:230- 

a-^4 (iy»0)(Oenebank accession number X03363) The ti»rm'WM»->» f 

a. „ , u ^ ,neterm "*B2 refers to the gene encoding human ErbB2 and 

neu refers to the gene encoding rat P , 85™ Preferred ErbB2 is native sequence human ErbB2 

5 183 JTZZr RT refer 10 rCCePt0r P °' yPePtide 35 d ' SdOSed ' ^ ^ US Pa, No, 
5,1 83.884 and 5.480,968 as well as Kraus et al PNAS (USA) 86:9193-9197 (1989) 

Th J ,ermS " ErbB4 " - "HER4" herein refer to the receptor po.ypept.de as d.sclosed, for example in EP 

2 LT^T " ° U ^ NatL ^ ^ ™> ~ (1993); and Plowman J 

366:473-475 (1993), tncluding tsoforms thereof, ,,, as d.sclosed in WC99/19488, pushed Apr,, 2 l 

By "ErbB bgand" is meant a polypeptide which binds ,o and/or activates an ErbB receptor The ErbB 
.gand of parocular interest herem is a nat.ve sequence human ErbB Itgand such as ep.dermal growth factor (EOF) 

2^^ 

,™ , 79-1082 (1984),, amphiregobn also k „ow„ as schwanoma or Keratinocyte autocrine gLth facto'; 
Biophvs. Res. Commun. 1 90: 1173(1 993 ,y henarin y»~m~ -a , 

_ . oci , ^('^3)),hepann-bindingep,dernial growth factor (HB-EGF) (Higashiyama*/ a/ 

4 (NRC^4) (Ha "uu^ta' 10 ^ (NRG-3) (Zhang era/.. Proc. Natl. Acad. Sci. 94:9562-9567(1997)): neuregulin- 

3335 , 997,). ErbB hgands which hind EGFR inch* EGF. TGF-rr, athph.regtdi,, btucaMn , HB-EGF and 
Ptr.su » ErhB iigands which bind ErbB3 incllrfe heregu „ ns ^ |ifands 

beucdUn. ep«g „,i„, HB-EGF, NRC-2, NRG- 3, NRG-4 and heregulins 

"Heregtthn" (HRG) when used herein refera „ , pohapep.ide encoded bv ,h. herein gene pro d„c, na 
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biologically active fragments and/or amino acid sequence variants of a native sequence HRG polypeptide, such as 
an EGF-like domain fragment thereof (e.g. HRG01 177.244)- 

An "ErbB hetero-oligomer" herein is a noncovalently associated oligomer comprising at least two 
different ErbB receptors. Such complexes may form when a cell expressing two or more ErbB receptors is exposed 
5 to an ErbB ligand and can be isolated by immunoprecipiiation and analyzed by SDS-PAGE as described in 
Sliwkowski et a!., J. Biol. Chem. y 269(20): 1 466 1 - 1 4665 (1994), for example. Examples of such ErbB 
helero-oligomers include EGFR-ErbB2, ErbB2-ErbB3 and ErbB3-ErbB4 complexes. Moreover, the ErbB hetero- 
oligomer may comprise two or more ErbB2 receptors combined with a different ErbB receptor, such as ErbB3, 
ErbB4 or EGFR. Other proteins, such as a cytokine receptor subunit (e.g. gpl30) may be included in the hetero- 
10 oligomer. 

By "ligand activation of an ErbB receptor" is meant signal transduction (e.g. that caused by an intracellular 
kinase domain of an ErbB receptor phosphorylating tyrosine residues in the ErbB receptor or a substrate polypeptide) 
mediated by ErbB ligand binding to a ErbB hetero-oligomer comprising the ErbB receptor of interest. Generally, 
this will involve binding of an ErbB ligand to an ErbB hetero-oligomer which activates a kinase domain of one or 
15 more of the ErbB receptors in the hetero-oligomer and thereby results in phosphorylation of tyrosine residues in one 
or more of the ErbB receptors and/or phosphorylation of tyrosine residues in additional substrate polypeptides(s). 
ErbB receptor activation can be quantified using various tyrosine phosphorylation assays. 

A "native sequence" polypeptide is one which has the same amino acid sequence as a polypeptide (e.g., 
ErbB receptor or ErbB ligand) derived from nature. Such native sequence polypeptides can be isolated from nature 
20 or can be produced by recombinant or synthetic means. Thus, a native sequence polypeptide can have the amino acid 
sequence of naturally occurring human polypeptide, murine-polypeptide, or polypeptide from any other mammalian 
. species. 

The term "amino acid sequence variant" refers to polypeptides having amino acid sequences that differ to 
some extent from a native sequence polypeptide. Ordinarily, amino acid sequence variants will possess at least about 
25 70% homology with at least one receptor binding domain of a native ErbB ligand or with at least one ligand binding 
domain of a native ErbB receptor, and preferably, they will be at least about 80%, more preferably at least about 
90% homologous with such receptor or ligand binding domains. The amino acid sequence variants possess 
substitutions, deletions, and/or insertions at certain positions within the amino acid sequence of the native amino 
acid sequence. 

30 "Homology" is defined as the percentage of residues in the amino acid sequence variant that are identical 

after aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent homology. Methods 
and computer programs for the alignment are well known in the art. One such computer program is ' Align 2 M , 
authored by Genentech, Inc., which was filed with user documentation in the United States Copyright Office, 
Washington, DC 20559, on December 10, 1991. 

35 Tne lerm "antibody" herein is used in the broadest sense and specifically covers intact monoclonal 

antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific antibodies) formed from at least two intact 
antibodies, and antibody fragments, so long as they exhibit the desired biological activity. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from a population of 
substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are identical except 
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"Antibody-dependent cell-mediated cytotoxicity" and "ADCC" refer to a cell-mediated reaction in which 
nonspecific cytotoxic cells that express Fc receptors (FcRs) (e.g. Natural Killer (NK) cells, neutrophils, and 
macrophages) recognize bound antibody on a target cell and subsequently cause lysis of the target cell. The primary 
cells for mediating ADCC, NK cells, express FcyRIII only, whereas monocytes express FcyRI, FcyRII and FcyRIII. 
5 FcR expression on hematopoietic cells in summarized is Table 3 on page 464 of Ravetch and Kinet, Annu. Rev. 
Immunol 9:457-92 ( 1991 ). To assess ADCC activity of a molecule of interest, an in vitro ADCC assay, such as that 
described in US Patent No. 5,500,362 or 5,82 1 ,337 may be performed. Useful effector cells for such assays include 
peripheral blood mononuclear cells (PBMC) and Natural Killer (NK) cells. Alternatively, or additionally, ADCC 
activity of the molecule of interest may be assessed in vivo, e.g., in a animal model such as that disclosed in Clynes 
10 etal. PNAS(USA) 95:652-656 (1998). 

"Human effector cells" are leukocytes which express one or more FcRs and perform effector functions. 
Preferably, the cells express at least FcyRIII and perform ADCC effector function. Examples of human leukocytes 
which mediate ADCC include peripheral blood mononuclear cells (PBMC), natural killer (NK) cells, monocytes, 
cytotoxic T cells and neutrophils; with PBMCs and NK cells being preferred. The effector cells may be isolated from 
15 a native source thereof, e.g. from blood or PBMCs as described herein. 

The terms "Fc receptor" or "FcR" are used to describe a receptor that binds to the Fc region of an antibody. 
The preferred FcR is a native sequence human FcR. Moreover, a preferred FcR is one which binds an IgG antibody 
(a gamma receptor) and includes receptors of the FcyRI, FcyRII, and Fey RIII subclasses, including allelic variants 
and alternatively spliced forms of these receptors. FcyRII receptors include FcyRIIA (an "activating receptor") 
and FcyRIIB (an "inhibiting receptor"), which have similar amino acid sequences that differ primarily in the 
cytoplasmic domains thereof. Activating receptor FcyRII A contains an immunoreceptor tyrosine-based activation 
a motif (ITAM) in its cytoplasmic domain. Inhibiting receptor FcyRIIB contains an immunoreceptor tyrosine-based 
inhibition motif (ITIM) in its cytoplasmic domain, (see review M. in Daeron, Annu. Rev. Immunol. 15:203-234 
(1997)). FcRs are reviewed in Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991); Capel et aL, 
25 Immunomeihods 4:25-34 (1994); and de Haas et at., J. Lab. Clin. Med. 126:330-41 (1995). Other FcRs, including 
those to be identified in the future, are encompassed by the term "FcR" herein. The tern also includes the neonatal 
receptor, FcRn, which is responsible for the transfer of maternal IgGs to the fetus (Guyer et aL, J. Immunol. 1 1 7:587 
(1976) and Kim et aL. J. Immunol. 24:249 (1994)). 

"Complement dependent cytotoxicity" or "CDC" refers to the ability of a molecule to lyse a target in the 
30 presence of complement. The complement activation pathway is initiated by the binding of the first component of 
the complement system (Clq) to a molecule (e.g. an antibody) complexed with a cognate antigen. To assess 
complement activation, a CDC assay, e.g. as described in Gazzano-Santoro et aL, J. Immunol. Methods 202:163 
(1996), may be performed. 

"Native antibodies" are usually heterotetrameric glycoproteins of about 1 50,000 daltons, composed 
35 of two identical light (L) chains and two identical heavy (H) chains. Each light chain is linked to a heavy chain by 
one covalent disulfide bond, while the number of disulfide linkages varies among the heavy chains of different 
immunoglobulin isotypes. Each heavy and light chain also has regularly spaced intrachain disulfide bridges. Each 
heavy chain has at one end a variable domain (V H ) followed by a number of constant domains. Each light chain has 
a variable domain at one end (V L ) and a constant domain at its other end. The constant domain of the light chain 
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is the designation herein for Fab' in which the cysteine residue(s) of the constant domains bear at least one free thiol 
group. F(ab') 2 antibody fragments originally were produced as pairs of Fab' fragments which have hinge cysteines 
between them. Other chemical couplings of antibody fragments are also known. 

The "light chains" of antibodies from any vertebrate species can be assigned to one of two clearly distinct 
types, called kappa (k) and lambda (\), based on the amino acid sequences of their constant domains. 

"Single-chain Fv" or "scFv" antibody fragments comprise the V H and V L domains of antibody, wherein 
these domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further comprises a 
polypeptide linker between the V H and V L domains which enables the scFv to form the desired structure for antigen 
binding. For a review of scFv see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 11 3, Rosenburg 
and Moore eds., Springer- Verlag, New York, pp. 269-315 (1994). Anti-ErbB2 antibody scFv fragments are 
described in W093/16185; U.S. Patent No. 5,571,894; and U.S. Patent No. 5,587,458. 

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which fragments 
comprise a variable heavy domain (V H ) connected to a variable light domain (V L ) in the same polypeptide chain (V H 
- V L ). By using a linker that is too short to allow pairing between the two domains on the same chain, the domains 
are forced to pair with the complementary domains of another chain and create two antigen-binding sites. Diabodies 
are described more fully in, for example, EP 404,097; WO 93/1 1 161 ; and Hollinger ex aL Proc. Natl Acad. Sci. 
USA, 90:6444-6448 (1993). 

"Humanized" forms of non-human (e.g., rodent) antibodies are chimeric antibodies that contain minimal 
sequence derived from non-human immunoglobulin. For the most part, humanized antibodies are human 
immunoglobulins (recipient antibody) in which residues from a hypervariable region of the recipient are replaced 
by residues from a hypervariable region of a non-human species (donor antibody) such as mouse, rat, rabbit or 
nonhuman primate having the desired specificity, affinity, and capacity. In some instances, framework region (FR) 
residues of the human immunoglobulin are replaced by corresponding non-human residues. Furthermore, humanized 
antibodies may comprise residues that are not found in the recipient antibody or in the donor antibody. These 
modifications are made to further refine antibody performance. In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable domains, in which all or substantially all of the 
hypervariable loops correspond to those of a non-human immunoglobulin and all or substantially all of the FRs are 
those of a human immunoglobulin sequence. The humanized antibody optionally also will comprise at least a portion 
of an immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further details, see Jones 
etai. Nature 321 :522-525 ( 1 986); Riechmann etal. y Nature 332:323-329 (1988); and Presta, Cum Op. Struct. BioL 
2:593-596(1992). 

Humanized anti-ErbB2 antibodies include huMAb4D5-l, huMAb4D5-2, huMAb4D5-3, huMAb4D5-4, 
huMAb4D5-5, huMAb4D5-6, huMAb4D5-7 and huMAb4D5-8 (HERCEPTIN®) as described in Table 3 of U.S. 
Patent 5,821,337 expressly incorporated herein by reference; humanized 520C9 (W093/21319) and humanized 
2C4 antibodies as described hereinbelow. 

An "isolated" antibody is one which has been identified and separated and/or recovered from a component 
of its natural environment. Contaminant components of its natural environment are materials which would interfere 
with diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and other proteinaceous 
or nonproteinaceous solutes. In preferred embodiments, the antibody will be purified (J) to greater than 95% by 
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2C4, possessing antigen binding amino acid residues of murine monoclonal antibody 2C4. Examples of humanized 
2C4 antibodies are provided in Example 3 below. Unless indicated otherwise, the expression "rhuMAb 2C4" when 
used herein refers to an antibody comprising the variable light (V L ) and variable heavy (V H ) sequences of SEQ ID 
Nos. 3 and 4, respectively, fused to human light and heavy IgGl (non-A allotype) constant region sequences 
5 optionally expressed by a Chinese Hamster Ovary (CHO) cell. 

Unless indicated otherwise, the term "monoclonal antibody 4D5" refers to an antibody that has antigen 
binding residues of, or derived from, the murine 4D5 antibody (ATCC CRL 10463). For example, the monoclonal 
antibody 4D5 may be murine monoclonal antibody 4D5 or a variant thereof, such as a humanized 4D5, possessing 
antigen binding residues of murine monoclonal antibody 4D5. Exemplary humanized 4D5 antibodies include 

10 huMAb4D5-l, huMAb4D5-2, huMAb4D5-3, huMAb4D5-4, huMAb4D5-5, huMAb4D5-6, huMAb4D5-7 and 
huMAb4D5-8 (HERCEPTIN®) as in US Patent No. 5,821,337, with huMAb4D5-8 (HERCEPTIN®) being a 
preferred humanized 4D5 antibody. 

A "growth inhibitory agent" when used herein refers to a compound or composition which inhibits growth 
of a cell, especially an ErbB expressing cancer cell either in vitro or in vivo. Thus, the growth inhibitory agent may 

15 be one which significantly reduces the percentage of ErbB expressing cells in S phase. Examples of growth 
inhibitory agents include agents that block cell cycle progression (at a place other than S phase), such as agents that 
induce G I arrest and M-phase arrest. Classical M-phase blockers include the vincas (vincristine and vinblastine), 
taxanes, and topo II inhibitors such as doxorubicin, epirubicin, daunorubicin, etoposide, and bleomycin. Those 
agents that arrest Gl also spill over into S-phase arrest, for example, DNA alkylating agents such as tamoxifen, 

20 prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-fluorouracil, and ara-C. Further information 
can be found in The Molecular Basis of Cancer, Mendelsohn and Israel, eds., Chapter 1, entitled "Cell cycle 
regulation, oncogenes, and antineoplastic drugs" by Murakami e t al (WB Saunders: Philadelphia, 1 995), especially 
p. 13. 

Examples of "growth inhibitory" antibodies are those which bind to ErbB2 and inhibit the growth of cancer 
25 cells overexpressing ErbB2. Preferred growth inhibitory anti-ErbB2 antibodies inhibit growth of SK-BR-3 breast 
tumor cells in cell culture by greater than 20%, and preferably greater than 50% (e.g. from about 50% to about 1 00%) 
at an antibody concentration of about 0.5 to 30 ug/ml, where the growth inhibition is determined six days after 
exposure of the SK-BR-3 cells to the antibody (see U.S. Patent No. 5,677,171 issued October 14, 1997). The SK- 
BR-3 cell growth inhibition assay is described in more detail in that patent and hereinbelow. The preferred growth 
30 inhibitory antibody is monoclonal antibody 4D5, e.g., humanized 4D5. 

An antibody which "induces cell death" is one which causes a viable cell to become nonviable. The cell 
is generally one which expresses the ErbB2 receptor, especially where the cell overexpresses the ErbB2 receptor. 
Preferably, the cell is a cancer cell, e.g. a breast, ovarian, stomach, endometrial, salivary gland, lung, kidney, colon, 
thyroid, pancreatic or bladder cell. In vitro, the cell may be a SK-BR-3, BT474, Calu 3, MDA-MB-453, MDA-MB- 
35 361 or SKOV3 cell. Cell death in vitro may be determined in the absence of complement and immune effector cells 
to distinguish cell death induced by antibody-dependent cell-mediated cytotoxicity (ADCC) or complement 
dependent cytotoxicity (CDC). Thus, the assay for cell death may be performed using heat inactivated serum (i.e. 
in the absence of complement) and in the absence of immune effector cells. To determine whether the antibody is 
able to induce cell death, loss of membrane integrity as evaluated by uptake of propidium iodide (PI), trypan blue 
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or more of residues in the region from about residue 22 to about residue 53 of ErbB2; see Figs. 1A-B). 

"Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. Those in need 
of treatment include those already with the disorder as well as those in which the disorder is to be prevented. Hence, 
the mammal to be treated herein may have been diagnosed as having the disorder or may be predisposed or 
5 susceptible to the disorder. 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including humans, 
domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, cows, etc. Preferably, the 
mammal is human. 

A "disorder" is any condition that would benefit from treatment with the anti-ErbB2 antibody. This includes 
1 0 chronic and acute disorders or diseases including those pathological conditions which predispose the mammal to the 
disorder in question. Non-limiting examples of disorders to be treated herein include benign and malignant tumors; 
leukemias and lymphoid malignancies; neuronal, glial, astrocytal, hypothalamic and other glandular, macrophagah 
epithelial, stromal and blastocoelic disorders; and inflammatory, angiogenic and immunologic disorders. 

The term "therapeutically effective amount" refers to an amount of a drug effective to treat a disease or 
1 5 disorder in a mammal. In the case of cancer, the therapeutically effective amount of the drug may reduce the number 
of cancer cells; reduce the tumor size; inhibit (i.e.. slow 10 some extent and preferably slop) cancer cell infiltration 
into peripheral organs; inhibit (i.e. , slow to some extent and preferably stop) tumor metastasis; inhibit, to some extent, 
tumor growth; and/or relieve to some extent one or more of the symptoms associated with the cancer. To the extent 
the drug may prevent growth and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic. For cancer 
20 therapy, efficacy can, for example, be measured by assessing the time to disease progression (TTP) and/or 

determining the response rate (RR). " - . . . - . _ _ 

- The terms "cancer" and "cancerous" refer to or describe the physiological condition in mammals that is 
typically characterized by unregulated cell growth. Examples of cancer include, but are not limited to, carcinoma, 
lymphoma, blastoma, sarcoma, and leukemia or lymphoid malignancies. More particular examples of such cancers 
25 include squamous cell cancer (e.g. epithelial squamous cell cancer), lung cancer including small-cell lung cancer, 
non-small cell lung cancer, adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of the 
peritoneum, hepatocellular cancer, gastric or stomach cancer including gastrointestinal cancer, pancreatic cancer, 
glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, 
rectal cancer, colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, 
30 prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma, as well as head 
and neck cancer. 

An "ErbB-expressing cancer" is one comprising cells which have ErbB protein present at their cell surface. 
An "ErbB2-expressing cancer" is one which produces sufficient levels of ErbB2 at the surface of cells thereof, such 
that an anti-ErbB2 antibody can bind thereto and have a therapeutic effect with respect to the cancer. 
35 A cancer "characterized by excessive activation" of an ErbB receptor is one in which the extent of ErbB 

receptor activation in cancer cells significantly exceeds the level of activation of that receptor in non-cancerous cells 
of the same tissue type. Such excessive activation may result from overexpression of the ErbB receptor and/or 
greater than normal levels of an ErbB ligand available for activating the ErbB receptor in the cancer cells. Such 
excessive activation may cause and/or be caused by the malignant state of a cancer cell. In some embodiments, the 
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overcrop mo y be enosea b y gen. nmpbr.ciop or by ^ „ »J£ 

_s.„„ bc _ „ , dUgnMic or _ y ^ e ^ ^ 

pro,P,„p r ese„,o„,b= S nrrace„f,ce„ ( e.g. vi nn n ,™„ ohis ,« hem , slryassly;IHC)A|iernaiiv 

as re„ me Pc R (RT . PCR) 0 „ e ^ ^ ^ ^ ^ " 

aongep ,e.g ErbB ea,rae ell n„r in . biolo!ical „ uid s „ ch „ _ J - h 

» « 2 ^.^^^ , 8 , 99 , ;U .S.Pn«„,5.40 1 . 6 ,a, ssu eoMppcb 28 . n 2 
*- « - a. , mm „„o,. ,32: ,3-80 (1WW Aside from rbe above aaspgs. various „ „ Vo ^ a 

--.c.od,e !k i, 1 edp,nc,i,io n e,. F orea, m p I e.on <may ex P o s eo„ l s wirbin.be bod y or,bep al ie„„„,„ 1Z 

- ,H ,s opuo.p,,, babied wid, . de.eerab.e iabe,, e.g. , radioao.ive isorope. and binding of dxe pprihodv „ ^ 

- be pa„e„, e,„ „ ^ „ y ^ ^ ^ J 

25 parreorprev.ously exposed lo ihe anlibod y . ™* 
Convey, a cancer which is "no, characerized b y o.erexprasaion of m, E,bB2 recepror" ia ope wbicb 
of the same tissue type. 

30 ,i„„d e A "7 W, " Ch ' WtXP " S " S " &M is °» P'odocea aig„ir,ca„„ y bigber ieveis of ,bp, 

iiga d Poured ,o a noncapee™ ce„ o f rbe s, m a r.aspe , y pe. Spcb overeapr.ssiop ™ y be Paoaed b y gene 
aropbrrcrroop or b y rpcreased rrapserrpbop or rransiario, Ove« xpress ,o„ of ^ ErbB , igand may „ „ e JJ^ 

bg «• . aasaya sucb as ,be ,„C. FISH, sop.berp bior.ipg. Pep or „ e,Vo ^ describe d above 

5 ahoro, bT." " K,eP<! " Iten '" » «*" P"»*™io„ rber.ofi, por depeoden, on rb, p reS e„ce of 

7 ad T" a '' 0 " °' Pha ™ > ' :, " 0eieal " — » - ta— copoenrraoop ip 

o near rbe ,„™r. Exa.p.ea of bo™o»e ipdependep, caoee, s i„ cl „de androgen ipdepend.p, prosraie cancer 

depepdep, ,„ m o„ and progeeaa fton , . bo™o„e- s e„si,i»e surge ,o a hor m o„e- r e„,c,o, y ,„ m o, foBowin, 
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hormonal therapy. 

The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents the function of cells 

211 ]3l 195 90 

and/or causes destruction of ceils. The term is intended to include radioactive isotopes (e.g. At ,1 , 1 " , Y f 

186 188153*M"'3'' 
Re , Re ,Sm , BP P and radioactive isotopes of Lu), chemotherapeutic agents, and toxins such as small 

5 molecule toxins or enzymatically active toxins of bacterial, fungal, plant or animal origin, including fragments 

and/or variants thereof. 

A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer. Examples of 
chemotherapeutic agents include alkylating agents such as thiotepa and cyclosphosphamide (CYTOXAN™); alkyl 
sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa, 

10 and uredopa; ethylenimines and methylameiamines including altretamine, triethylenemelamine, 
trietylenephosphoramide, triethylenethiophosphaoramide and trimethylolomelamine; nitrogen mustards such as 
chlorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine 
oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas 
such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; antibiotics such as 

15 aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin, calicheamicin, carabicin, 
carminomycin, carzinophilin, chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine. 
doxorubicin, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins, mycophenoiic acid, nogalamycin, 
olivomycins, peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, 
ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid 

20 analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6- 
mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine. azacitidine, 6-azauridine,carmofur, 
cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-FU; androgens such as calusterone, 
dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, 
mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside; 

25 aminolevulinic acid; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone; 
elfornithine; elliptinium acetate; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidamine; mitoguazone; 
mitoxantrone; mopidamol: nitracrine; pentostatin; phenamet; pirarubicin; podophyllinic acid; 2-ethylhydrazide; 
procarbazine; PSKO; razoxane; sizofiran; spirogermanium; tenuazonic acid; triaziquone; 2, 2\2' 1 - 
trichlorotriethylamine; urethan; vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; 

30 gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxanes, e.g. paclitaxel (TAXOL®, Bristol-Myers 
Squibb Oncology, Princeton, NJ) and docetaxel (TAXOTERE®, Rhone-Poulenc Rorer, Antony, France); 
chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin and 
carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin C; mitoxantrone; vincristine; 
vinorelbine; navelbine; novantrone; teniposide; daunomycin; aminopterin; xeloda; ibandronate; CPT-11; 

35 topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO); retinoic acid; esperamicins; capecitabine; and 
pharmaceutical ly acceptable salts, acids or derivatives of any of the above. Also included in this definition are anti- 
hormonal agents that act to regulate or inhibit hormone action on tumors such as anti-estrogens including for example 
tamoxifen, raloxifene, aromatase inhibiting 4(5)-imidazoIes, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 1 1 70 1 8, 
onapristone, and toremifene (Fareston); and anti-androgens such as flutamide, nilutamide, bicalutamide, leuprolide, 
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and goserelin; ,„d pha^.cnu.icallg ^ ^ „ ^ ^ ^ ^ 

As used ber.ir, the Km -EOFR-^cd drug- refers ,„ . therapeutic ag.n, dm, btnds ,o EGFR and 

EORt Exatpples of aottbodies which hind ,„ EGFR include MAb 579 (ATCC CRL HB 8506,, MAb 455 (ATCC 
CRL HB8507, MAb 22 5 «ATCC CRL 85 OS, MAb 5 28 «ATCC CRL 8509) (see, US Patent No. 4 ^ 
9«T,: 7 '' ) : ndV " ia " Btere0f '^- h -' i -- 5 ^«)-te S h„ P edh u ™„ 225( „ 22 , )<sc ;. W o 

EGFR (s ee WO98,50433, Abgentx). The anti-EGFR ,„,ibo dy may be conjugate with , oyotox.e , KM , hus 
genorattng „ t^ututcoujugnte (see. e.g.. EP659.439A7, Merck F.tem GmbH). Exudes of strut,, mole'cules ,„„, 
btnd ,„ EGFR incude ZD 1 839 ,A S ,„ Zenecn), CF-358774 (OSf/Ptor) and AG,478 

A„ ■nnti.nngiogenie ngen," refer, ,„ , compound which blocks, or interferes with to nome dentee the 
" — " ^ — *~= — ™* - i he , M ^ „ 

!i r h or row,h raaor recep,or invoived in ■■ »• ^ ~ 

nngtogentc fncto, herein is ,„ nutibody thn, hinds to Vascuia, Endotheiini Gtowth Factor (VEGF) 

^'^"^---.""-enororproteinsrelensedhyoneeenpopuiationwhichnetonanothetcet, 

ZZrT U "r^^ ki ~" re ^^^^— --^~.N-n«thi „y I J 

growth h0 and growlh prahyroid hormoi)t; 

and tutetntatng hormone (LH); hepatic growth rnctort fibroblast growth fee.or; protne.in; placental Inetoltl 
neerosts factor „ ana, * touiterian-inbibiting substance; mouse gonadotroptmassociated peptide; inbib," 
vnseu nr endotheii,, growth factor; ,„,egri„: thrombegoietm (TPO); nerve grow* ,ac,o„ such a, NGF.p- p I' 
growth facor; tranrforottng growd, (actors (TGFs, such as TGF-a and TGF-P; insu.in-,*. ^ .,, 
^^^"-^^^--^^^^^.^^ 
CCSFs, sue ns ntacrophage-CSF (M-CSF); grnnu,oey,e. m ncr„pHag.cSF ( GM.CSF,t and grnnulocyte-CSF ,G- 
CSF); toterfeuktns „„) such.s ,L.,. ,L-,„, M ,L, ,L-4. ,L-5, ,LA ,L-7. ,L-8, ,L-9. ,L.,0. J, , 

1"7' T ~* - ™ F - - ™ F * - — P-P** to- ."eluding LIF and hi, ligand ,KL, 
As used eretn the „™ cytokine includes proaeins from nnturn, sources or from recombinant cel, cubure and 
btologtcnlly acttve equivalents of the native sequence cytokines. 

active , ™ e "^ rUg "^ in ' hiS8PP '~ 

neve substance tha, ,s ,ess cytotoxic to tumor cells compared ,„ the parent drttg nod is cnpable o, hem 
e_,,y nctiunted or converted into the more active parent form. See. e.g.. Wilman. "Frigs in c I. 

^7.H„mn„P,css < ,985,.Tbnprodrogso f ,bis,„,.„„on molode.hu, areoo, limited to, phosphat.-oomatn „. 
^rngs tb.opbosphnte-oon.inin, prodrugs, S u„a,e-co„„i„,„g prodrugs, Peptide-contnining prigs D . m i„„ 
■ctd-oodtfied prodrugs. glycosylated prodrugs, N «.con*i„i„ s prod „ gs , J ™ 
pbe„oxy._co., ain i„g prodrogs 0[ „ phenylaoe.nmide-oonling ^g 
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fluorocytosine and other 5-fluorouridine prodrugs which can be converted into the more active cytotoxic free drug. 
Examples of cytotoxic drugs that can be derivatized into a prodrug form for use in this invention include, but are not 
limited to, those chemotherapeutic agents described above. 

A "liposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant which 
5 is useful for delivery of a drug (such as the anti-ErbB2 antibodies disclosed herein and, optionally, a 
chemotherapeutic agent) to a mammal. The components of the liposome are commonly arranged in a bilayer 
formation, similar to the lipid arrangement of biological membranes. 

The term "package insert" is used to refer to instructions customarily included in commercial packages of 
therapeutic products, that contain information about the indications, usage, dosage, administration, contraindications 

10 and/or warnings concerning the use of such therapeutic products. 

A "cardioprotectanf ' is a compound or composition which prevents or reduces myocardial dysfunction (i.e. 
cardiomyopathy and/or congestive heart failure) associated with administration of a drug, such as an anthracycline 
antibiotic and/or an anti-ErbB2 antibody, to a patient. The cardioprotectant may, for example, block or reduce a free- 
radical-mediated cardiotoxic effect and/or prevent or reduce oxidati ve-stress injury. Examples of cardioprotectants 

15 encompassed by the present definition include the iron-chelating agent dexrazoxane (ICRF-187) (Seifert et ai The 
Annals of Pharmacotherapy 28:1063-1072 (1994)); a lipid-lowering agent and/or anti-oxidant such as probucol 
(Singal et ai J. MoL Cell Cardiol. 27:1055-1063 (1995)); amifostine (aminothiol 2-[(3- 
aminopropyl)amino]ethanethiol-dihydrogen phosphate ester, also called WR-272 1 , and the dephosphory lated cellular 
uptake form thereof called WR-1065) and S-3-(3-methylaminopropylamino)propylphosphorothioic acid (WR- 

20 15 1327), see Green et ai Cancer Research 54:738-741 (1994); digoxin (Bristow, M.R. In: Bristow MR, ed. Drug- 
Induced Heart Disease. New York: Elsevier 191-2 15 (1980)); beta-blockers such as metqprolol (Hjalmarson et ai. 
Drugs 47:Suppl 4:3 1-9(1 994); and Shaddy et al. Am. Heart J. 1 29: 1 97-9 ( 1 995)); vitamin E; ascorbic acid (vitamin 
C); free radical scavengers such as oleanolic acid, ursolic acid and N-acetylcysteine (NAC); spin trapping compounds 
such as alpha-phenyl-tert-butyl nitrone (PBN); (Paracchini et al., Anticancer Res. 13:1607-1612 (1993)); 

25 selenoorganic compounds such as P25 1 (Elbesen); and the like. 

An "isolated" nucleic acid molecule is a nucleic acid molecule that is identified and separated from at least 
one contaminant nucleic acid molecule with which it is ordinarily associated in the natural source of the antibody 
nucleic acid. An isolated nucleic acid molecule is other than in the form or setting in which it is found in nature. 
Isolated nucleic acid molecules therefore are distinguished from the nucleic acid molecule as it exists in natural cells. 

30 However, an isolated nucleic acid molecule includes a nucleic acid molecule contained in cells that ordinarily 
express the antibody where, for example, the nucleic acid molecule is in a chromosomal location different from that 
of natural cells. 

The expression "control sequences" refers to DNA sequences necessary for the expression of an operably 
linked coding sequence in a particular host organism. The control sequences that are suitable for prokaryotes, for 
35 example, include a promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic cells are 
known to utilize promoters, polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic acid 
sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA for a polypeptide if 
it is expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or enhancer is operably 
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linked to a coding sequence if i, affects the transcription of the seouence n •„ 
'^'oacoding.quenceifi^^ 

the DNA sequences being linked are contiguous, and ,n the c I f ' ^ 

Phase. However, enhancers do not nave o he conti ou TLl " ^ *" ^ 

! restriction sites If such sites do no, ■ k * " aCC ° mp " shed b * '«■*» at convenient 

-h convents " * ^^^^^^^^^^^ 

ce.,andcu,,uresdenvedheef^ 
may not b e P rec,se, yi den;i Z 

the same function or bio,o*ica, activity a ^ ^ ^ ,nad — — Mutant progeny that have 
H. Production of anti-ErbB2 Antibodies 

c ^•s- ™«-3J3 cells transformed to overexnre«<: PrKm- 
line such as SK-BR-3 «-lk «~ q. overexpress ErbB2; or a carcinoma cell 

CeHs " See Sta "«>vsk, et al. PNAS (USA) 88:8691-8695 (1991 » fan h, a 
antibodies. Other forms of ErhR? „ [f , f } 6 Used ,0 g ene ™e 

forms of ErbB 2 useful for generating antibod.es wil, be apparent to those skil.ed in the an 

(O Poly clonal antibodies 

is innnnnocenic in ,he species .„ n. ,, ™"«'~'*" '"onjnga.chceievaniamigen ,„ a p,o,ei„ ,„a, 

. R N " C=NR - w "ere R and P 1 are different alkyl groups. 

Animals are immunized against the aniiapti i mm 

-oo p 8 oe 5 p g of P , olei „ „ c„ ju c r gemc w * * 

mukiple si.es Seven ,o ,4 H, , n C< "" P * * dj,,Vi "" by »"*«"«<»» i"j=«ion a, 

co„ JU8 n,c d ,„. „ iffe J p „,c in a I 7' ' S b °°7 fc «*~ " *■ — * 

in-mnn . response. ? * * a,en, SS ncha sainn, an, s ni„ bly „«„ 10 en „ a „ ce , he 
(it) Monoclonal antibodies 
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may be present in minor amounts. Thus, the modifier "monoclonal" indicates the character of the antibody as not 
being a mixture of discrete antibodies. 

For example, the monoclonal antibodies may be made using the hybridoma method first described by Kohler 
et al, Nature, 256:495 (1975), or may be made by recombinant DNA methods (U.S. Patent No. 4,816.567). 

In the hybridoma method, a mouse or other appropriate host animal, such as a hamster, is immunized as 
hereinabove described to elicit lymphocytes that produce or are capable of producing antibodies that will 
specifically bind to the protein used for immunization. Alternatively, lymphocytes may be immunized in vitro. 
Lymphocytes then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, to form 
a hybridoma ceil (Goding, Monoclonal Antibodies: Principles and Practice, pp.59- 103 (Academic Press, 1986)). 

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that preferably 
contains one or more substances that inhibit the growth or survival of the unfused, parental myeloma cells. For 
example, if the parental myeloma cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT 
or HPRT), the culture medium for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine 
(HAT medium), which substances prevent the growth of HGPRT-deficient cells. 

Preferred myeloma cells are those that fuse efficiently, support stable high-level production of antibody by 
the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. Among these, 
preferred myeloma cell lines are murine myeloma lines, such as those derived from MOPC-2 1 and MPC- 1 1 mouse 
tumors available from the Salk Institute Cell Distribution Center, San Diego, California USA, and SP-2 or X63-Ag8- 
653 cells available from the American Type Culture Collection, Rockviile, Maryland USA. Human myeloma and 
mouse-human heteromyeloma cell lines also have been described for the production of human monoclonal 
antibodies (Kozbor, J. Immunol. , 133:300] (1984); and Brodeurera/., Monoclonal Antibody Production Techniques 
and Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1987)). 

Culture medium in which hybridoma cells are growing is assayed for production of monoclonal antibodies 
directed against the antigen. Preferably, the binding specificity of monoclonal antibodies produced by hybridoma 
cells is determined by immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or 
enzyme-linked immunoabsorbent assay (ELISA). 

The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard analysis 
of Munson et aL Anal Biochem., 107:220(1980). 

After hybridoma cells are identified that produce antibodies of the desired specificity, affinity, and/or 
activity, the clones may be subcloned by limiting dilution procedures and grown by standard methods (Goding, 
Monoclonal Antibodies: Principles and Practice, pp.59- 103 (Academic Press, 1986)). Suitable culture media for 
this purpose include, for example, D-MEM or RPMI-1 640 medium. In addition, the hybridoma cells may be grown 
in vivo as ascites tumors in an animal. 

The monoclonal antibodies secreted by the subclones are suitably separated from the culture medium, 
ascites fluid, or serum by conventional antibody purification procedures such as, for example, protein A-Sepharose, 
hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional procedures 
(e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and light 
chains of murine antibodies). The hybridoma cells serve as a preferred source of such DNA. Once isolated, the 
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DNA may be placed into expression vectors, which are then transfected into host cells such as £ coli cells simian 
COS cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do not otherwise produce antibody protein 
to obtain the synthesis of monoclona. antibodies in the recombinant host cells. Review articles on recombinant 
expression in bacteria of DNA encoding the antibody include Skerra « aL, Cur, Opinion in Immunol., 5:256-262 
(J 993) and Pliicklhun, Immunol. Revs., 130:151-188 (1992). 

In a further embodiment, monoclonal antibodies or antibody fragments can be .solated from antibody 
Phage hbrar.es generated using the techniques described in McCafferty et at. Nature, 348:559-554 (1990) 
Clackson et aL. Nature, 352:624-628 (.99.) and Marks et a,., J. Mol. Biol, 222:58,-597 (.99. ) describe the 
.so.at.on of murine and human antibod.es, respectively, using phage .ibraries. Subsequent publ.cat.ons describe the 
production of high affinity (nM range) human antibodies by chain shuffl.ng (Marks et aL, Biotechnology . 0 779- 
783 (.992)), as well as combinatorial infection and in vivo recombination as a strategy for constructing very lar«e 
phage hbrar.es (Waterhouse „ aL, Nuc. Acids. Re,, 2.:2265-2266 (.993)). Thus, these techniques are viable 

a. ternat.ves to tradit.ona. monoc.ona. antibody hybridoma techniques for isolation of monoclonal antibodies 

The DNA a.so may be modified, for example, by substituting the coding sequence for human heavy chain 
and hght cham constant domains in place of the homologous murine sequences (U.S. Paten, No. 4,8.6 567- and 
Morrison, et aL, Proc. Natl Acad. Sci. USA, SI :685 1 ( 1 984)), or by covalent.y joining to the .mmunog.obu.in codin* 
sequence all or par, of the cod.ng sequence for a non-immunoglobulin polypeptide. 

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an antibody 
or they are substituted for the variab.e domains of one ant.gen-combining she of an antibody to create a chimeric 

b. va.ent ant.body compris.ng one antigen-combin.ng site having specificity for an antigen and another antigen- 
combimng site having specificity for a different antigen. 

(Hi) Humanized antibodies 
Methods for humanizing non-human antibodies have been described in the art. Preferably, a humanized 
anubody has one or more amino acid residues introduced into it from a source which is non-human. These non- 
human ammo acid residues are often referred to as "import" residues, which are typically taken from an "import" 
vanable domain. Humanization can be essentially performed following the method of W.nter an, co-workers (Jones 
« aL. Nature, 32.:522-525 (.986); Riechmann et aL. Nature, 332:323-327 (.988); Verhoeyen et al. Science 
239: .534-1 536 ( . 988)), by substituting hypervariabie region sequences for the corresponding sequences of a human 
am.body. Accordingly, such "humanized" antibodies are ch.meric antibodies (U.S. Patent No. 4,8 1 6,567) wherein 
substant.al.y .ess than an intact human variab.e domain has been substituted by the corresponding sequence from a 
non-human species. In practice, humanized antibodies are ,ypica,.y human antibodies in which some hypervariabie 
reg.on residues and possibly some FR residues are substituted by residues from analogous s.tes in rodent antibod.es 
The choice of human variable domains, both light and heavy. to be used in making the humanized antibodies 
•s very .mportant to reduce antigenicity. According to the so-called "best-fit" method, the sequence of the variable 
domain of a rodent antibody is screened against the entire .ibrary of known human variab.e-domain sequences The 
human sequence which is Coses, to that of the rodent is then accepted as the human framework region (FR) for the 
humamzed antibody (Sims et aL. J. Immunol., 151:2296 (.993); Cho.hia et al, J. Mol. Biol .96 90. (1987)) 
Another method uses a particu.ar framework region denved from the consensus sequence of a., human antibodies 
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of a particular subgroup of light or heavy chains. The same framework may be used for several different humanized 
antibodies (Carters at., Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta etal. t J. Immunol. , 151:2623 (1993)). 

It is further important that antibodies be humanized with retention of high affinity for the antigen and other 
favorable biological properties. To achieve this goal, according to a preferred method, humanized antibodies are 
prepared by a process of analysis of the parental sequences and various conceptual humanized products using three- 
dimensional models of the parental and humanized sequences. Three-dimensional immunoglobulin models are 
commonly available and are familiar to those skilled in the art. Computer programs are available which illustrate 
and display probable three-dimensional conformational structures of selected candidate immunoglobulin 
sequences. Inspection of these displays permits analysis of the likely role of the residues in the functioning of the 
candidate immunoglobulin sequence, i.e., the analysis of residues that influence the ability of the candidate 
immunoglobulin to bind its antigen. In this way, FR residues can be selected and combined from the recipient and 
import sequences so that the desired antibody characteristic, such as increased affinity for the target antigen(s), is 
achieved. In general, the hypervariable region residues are directly and most substantially involved in influencing 
antigen binding. 

Example 3 below describes production of exemplary humanized anti-ErbB2 antibodies which bind ErbB2 
and block ligand activation of an ErbB receptor. The humanized antibody of particular interest herein blocks EGF, 
TGF-a and/or HRG mediated activation of MAPK essentially as effectively as murine monoclonal antibody 2C4 (or 
a Fab fragment thereof) and/or binds ErbB2 essentially as effectively as murine monoclonal antibody 2C4 (or a Fab 
fragment thereof). The humanized antibody herein may, for example, comprise nonhuman hypervariable region 
residues incorporated into a human variable heavy domain and may further comprise a framework region (FR) 
substitution at a position selected from the group consisting of 69H, 71H_and_ 7 3H utilizing the variable domain 
numbering system set forth in Kabat et al. y Sequences of Proteins of Immunological Interest, 5th Ed. Public Health 
Service, National Institutes of Health. Bethesda, MD ( 1 99 1 ). In one embodiment, the humanized antibody comprises 
FR substitutions at two or all of positions 69H, 71H and 73H. 

An exemplary humanized antibody of interest herein comprises variable heavy domain complementarity 
determining residues GFTFTDYTMX, where X is preferrably D or 3 (SEQ ID NO:7); DVNPNSGGSIYNQRFKG 
(SEQ ID NO:8); and/or NLGPSFYFDY (SEQ ID NO:9), optionally comprising amino acid modifications of those 
CDR residues, e.g. where the modifications essentially maintain or improve affinity of the antibody. For example, 
the antibody variant of interest may have from about one to about seven or about five amino acid substitutions in the 
above variable heavy CDR sequences. Such antibody variants may be prepared by affinity maturation, e.g., as 
described below. The most preferred humanized antibody comprises the variable heavy domain amino acid 
sequence in SEQ ID NO:4. 

The humanized antibody may comprise variable light domain complementarity determining residues 
KASQDVSIGVA (SEQ ID NO: 1 0); SASYX*X 2 X 3 , where X 1 is preferably R or L, X 2 is preferably Y or E, and X 3 
is preferably T or S (SEQ ID NO:l 1 ); and/or QQYYIYPYT (SEQ ID NO: 12), e.g. in addition to those variable 
heavy domain CDR residues in the preceding paragraph. Such humanized antibodies optionally comprise amino 
acid modifications of the above CDR residues, e.g. where the modifications essentially maintain or improve affinity 
of the antibody. For example, the antibody variant of interest may have from about one to about seven or about five 
amino acid substitutions in the above variable light CDR sequences. Such antibody variants may be prepared by 
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The present app,ication also contemplates affinity matured antibod.es which bind ErbB"> and h, 
activation of an ErbBrecenmr tk„ . n,cn mna trbB2 and block iigand 

MB receptor. The parent ant.body may be a human antibody or a humanized an.ihoH 
comprising the variable light and/or heavy sequences of SEO in N , „ / ' 3 hUman ' Zed anl,bod y- • one 
affinity ma tured antibody preferablv h H 71 ' ^ 5?4 >" ^ 

variant 574 (e / from 1 "° ^ ^ " ^ - - of murine 2C4 or 

Kg. from about two or about four fold, to about 100 fold or about 1000 fold im„ 

assessed usino a ErbB2 e*.™^.. i ^ improved affinity, as 

■■■c a crouz-extraceHular domain fECD. Pi iqa. c 

five, six. „ seven 0 f , heS e residues> P , ' " ">«*""<"™ °' ™° » "»,e <e. S . lh(ee . foilr , 

u<,. l„, L92 , L ; ; : r L 0 T ,igh ' cdr residues — ■* «* 

O. ,„«se ees id „ s , ' ' " ~°" S °' "° " — *« - » *• » up ,o a b „„, ,e„ 

y imty mature ant.body may be an intact antibody, such as an intact IgGl ant.body 
\w) Human antibnriir* 3 
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by Marks etal.,J. Mol. Biol. 222:581-597 (1991), or Griffith et al, EM BO J. 12:725-734 (1993). See, also, U.S. 
Patent Nos. 5,565,332 and 5.573,905. 

As discussed above, human antibodies may also be generated by in vitro activated B cells (see U.S. Patents 
5,567,610 and 5,229,275). 

5 Human anti-ErbB2 antibodies are described in U.S. Patent No. 5,772,997 issued June 30, 1998 and WO 

97/00271 published January 3, 1997. 

( v) An tibody fragments 
Various techniques have been developed for the production of antibody fragments. Traditionally, these 
fragments were derived via proteolytic digestion of intact antibodies (see, e.g., Morimoto et al. , Journal of 

10 Biochemical and Biophysical Methods 24:107 -117 (1992); and Brennan etai, Science, 229:81 (1985)). However, 
these fragments can now be produced directly by recombinant host cells. For example, the antibody fragments can 
be isolated from the antibody phage libraries discussed above. Alternatively, Fab -SH fragments can be directly 
recovered from E. coli and chemically coupled to form F(ab T )2 fragments (Carter et al., Bio/Technology 10:163- 
1 67 (1992)). According to another approach, F(ab*)2 fragments can be isolated directly from recombinant host cell 

15 culture. Other techniques for the production of antibody fragments will be apparent to the skilled practitioner. In 
other embodiments, the antibody of choice is a single chain Fv fragment (scFv). See WO 93/1 61 85 ; U.S. Patent No. 
5,571,894; and U.S. Patent No. 5,587,458. The antibody fragment may also be a "linear antibody", e.g., as 
described in U.S. Patent 5,641,870 for example. Such linear antibody fragments may be monospecific or 
bispecific. 

20 (vi) Bispecific antibodies 

Bispecific antibodies are antibodies that have binding specificities for at least two different epitopes. 
Exemplary bispecific antibodies may bind to two different epitopes of the ErbB2 protein. Other such antibodies 
may combine an ErbB2 binding site with binding site(s) for EGFR, ErbB3 and/or ErbB4. Alternatively, an anti- 
ErbB2 arm may be combined with an arm which binds to a triggering molecule on a leukocyte such as a T-cell 

25 receptor molecule (e.g. CD2 or CD3), or Fc receptors for IgG (FcyR), such as FcyRI (CQ64), FcyRII (CD32) and 
FcyRIII (CD 16) so as to focus cellular defense mechanisms to the ErbB2-expressingcell. Bispecific antibodies may 
also be used to localize cytotoxic agents to cells which express ErbB2. These antibodies possess an ErbB2-binding 
arm and an arm which binds the cytotoxic agent (e.g. saporin, anti-interferon-a, vinca alkaloid, ricin A chain, 
methotrexate or radioactive isotope hapten). Bispecific antibodies can be prepared as full length antibodies or 

30 antibody fragments (e.g. F(ab') 2 bispecific antibodies). 

WO 96/16673 describes a bispecific anti-ErbB2/anti-FcyRIII antibody and U.S. Patent No. 5,837,234 
discloses a bispecific anti-ErbB2/anti-FcyRl antibody. A bispecific anti-ErbB2/Fca antibody is shown in 
WO98/02463. U.S. Patent No. 5,821,337 teaches a bispecific anti-ErbB2/anti-CD3 antibody. 

Methods for making bispecific antibodies are known in the art. Traditional production of full length 

35 bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light chain pairs, where the 
two chains have different specificities (Millstein et al., Nature, 305:537-539 (1983)). Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a potential mixture 
of 10 different antibody molecules, of which only one has the correct bispecific structure. Purification of the correct 
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molecule, which is usually done bv affmitv rhmm„n u 

low Sim', a chromatography steps, ,s rather cumbersome, and the product yields are 

low. Similar procedures are disclosed in WO 93/0887Q ^ s„ t hi yieias are 

Arrn j- 93/08829, and ,n Traunecker « a/.. £MZ?Oy., 10:3655-3659(1991) 

According to a different approach, antibody variable domains with the H " h k- „• 

■ 

constant domain, comprising at least part of the hinge CH2 and phi 
regions. It is preferred to have the first heaw H3 
i . heavy-chain constant region (CH 1 ) containing the site necessarv for lie*. 

rh." 's.nowever.p oss.ble to insert the coding sequences for two or all three Dolvoemide 

chains in one expression venor .u polypeptide 

— :-r::rrzr - 

According to another approach described in U.S. Patent No 5 731 I fix ,h ■ . r . 
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s , fc ^„,^ M , ortd .o- r ,o bi o t ,„.soe,a„,2 
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thionitrobenzoate (TNB) derivatives. One of the Fab-TNB derivatives is then reconverted to the Fab'-thiol by 
reduction with mercaptoethylamine and is mixed with an equimolar amount of the other Fab-TNB derivative to form 
the bispecific antibody. The bispecific antibodies produced can be used as agents for the selective immobilization 
of enzymes. 

Recent progress has facilitated the direct recovery of Fab-SH fragments from E. coli, which can be 
chemically coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med., 175: 217-225 (1992) describe the 
production of a fully humanized bispecific antibody F(ab') 2 molecule. Each Fab' fragment was separately secreted 
from E. coli and subjected to directed chemical coupling in vitro to form the bispecific antibody. The bispecific 
antibody thus formed was able to bind to cells overexpressing the ErbB2 receptor and normal human T cells, as 
well as trigger the lytic activity of human cytotoxic lymphocytes against human breast tumor targets. 

Various techniques for making and isolating bispecific antibody fragments directly from recombinant cell 
culture have also been described. For example, bispecific antibodies have been produced using leucine zippers. 
Kostelny etal, J. Immunol., 148(5): 1547- 1553 (1992). The leucine zipper peptides from the Fos and Jun proteins 
were linked to the Fab' portions of two different antibodies by gene fusion. The antibody homodimers were 
reduced at the hinge region to form monomers and then re-oxidized to form the antibody heterodimers. This method 
can also be utilized for the production of antibody homodimers. The "diabody" technology described by Hollinger 
etal, Proc. Natl Acad. ScL USA, 90:6444-6448 ( 1 993) has provided an alternative mechanism for making bispecific 
antibody fragments. The fragments comprise a heavy-chain variable domain (V H ) connected to a light-chain 
variable domain (V L ) by a linker which is too short to allow pairing between the two domains on the same chain. 
Accordingly, the V H and V L domains of one fragment are forced to pair with the complementary V L and V H 
domains of another fragment, thereby forming two antigen-binding sites. Another strategy for making bispecific 
antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. See Gruber etal, J. Immunol., 
152:5368 (1994). 

Antibodies with more than two valencies are contemplated. For example, trispecific antibodies can be 
prepared. Tutt et al. J. Immunol. 147: 60 (1991). 

( vii) Other amino acid sequence modifications 

Amino acid sequence modification(s) of the anti-ErbB2 antibodies described herein are contemplated. For 
example, it may be desirable to improve the binding affinity and/or other biological properties of the antibody. 
Amino acid sequence variants of the anti-ErbB2 antibody are prepared by introducing appropriate nucleotide 
changes into the anti-ErbB2 antibody nucleic acid, or by peptide synthesis. Such modifications include, for 
example, deletions from, and/or insertions into and/or substitutions of, residues within the amino acid sequences of 
the anti-ErbB2 antibody. Any combination of deletion, insertion, and substitution is made to arrive at the final 
construct, provided that the final construct possesses the desired characteristics. The amino acid changes also may 
alter post-translational processes of the anti-ErbB2 antibody, such as changing the number or position of 
glycosylation sites. 

A useful method for identification of certain residues or regions of the anti-ErbB2 antibody that are 
preferred locations for mutagenesis is called "alanine scanning mutagenesis" as described by Cunningham and 
Wells Science, 244:1081-1085 (1989). Here, a residue or group of target residues are identified (e.g., charged 
residues such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively charged amino acid (most 
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Original 
Residue 


Exemplary 
Substitutions 


Preferred 
Substitutions 


Ala (A) 


val; leu; ile 


val 


Arg (R) 


lys; gin; asn 


lys 


Asn (N) 


gin; his; asp, lys; arg 


gin 


Asp (D) 


glu; asn 


I glu 


Cys (C) 


ser; ala 


ser 


Gin (Q) 


asn; glu 


asn 


Glu (E) 


asp; gin 


asp 


Gly (G) 


ala 


ala 


His (H) 


asn; gin; lys; arg 


arg 


He (I) 


leu; val; met; ala; phe; norleucine 


leu 


Leu (L) 


norleucine; ile; val; met; ala; phe 


ile 


Lys (K) 


arg; gin; asn 


arg 


Met (M) 


leu; phe; ile 


leu 


Phe (F) 


leu; val; ile; ala; tyr 


tyr 
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Pro (P) 


ala 


ala 


Ser (S) 


thr 


thr 


Thr (T) 


ser 


ser 


Trp (W) 


tyr; phe 


tyr 


Tyr (Y) 


trp; phe; thr; ser 


phe 


Val (V) 


ile; leu; met; phe; ala; norleucine 


leu 



Substantia] modifications in the biological properties of the antibody are accomplished by selecting 
substitutions that differ significantly in their effect on maintaining (a) the structure of the polypeptide backbone in 
10 the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the 
molecule at the target site, or (c) the bulk of the side chain. Naturally occurring residues are divided into groups 
based on common side-chain properties: 

(1) hydrophobic: norleucine, met, ala, val, leu, ile; 

(2) neutral hydrophilic: cys, ser, thr; 
15 (3) acidic: asp, glu; 

(4) basic: asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic: trp, tyr, phe. 

Non-conservative substitutions will entail exchanging a member of one of these classes for another class. 

20 Any cysteine residue not involved in maintaining the proper conformation of the anti-ErbB2 antibody also 

may be substituted, generally with serine, to improve the oxidative stability of the molecule and prevent aberrant 
crosslinking. Conversely, cysteine bond(s) may be added to the antibody to improve its stability (particularly where 
the antibody is an antibody fragment such as an Fv fragment). 

A particularly preferred type of substitutional variant involves substituting one or more hypervariable 

25 region residues of a parent antibody (e.g. a humanized or human antibody). Generally, the resulting variant(s) 
selected for further development will have improved biological properties relative to the parent antibody from 
which they are generated. A convenient way for generating such substitutional variants involves affinity maturation 
using phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are mutated to generate all possible 
amino substitutions at each site. The antibody variants thus generated are displayed in a monovalent fashion from 

30 filamentous phage particles as fusions to the gene III product of Ml 3 packaged within each particle. The phage- 
displayed variants are then screened for their biological activity (e.g. binding affinity) as herein disclosed. In order 
to identify candidate hypervariable region sites for modification, alanine scanning mutagenesis can be performed to 
identify hypervariable region residues contributing significantly to antigen binding. Alternatively, or additionally, 
it may be beneficial to analyze a crystal structure of the antigen-antibody complex to identify contact points between 

35 the antibody and human ErbB2. Such contact residues and neighboring residues are candidates for substitution 
according to the techniques elaborated herein. Once such variants are generated, the panel of variants is subjected 
to screening as described herein and antibodies with superior properties in one or more relevant assays may be 
selected for further development. 
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By ».«„„» ,s m o a „, dele „ ng one „ more c , rbohydfa , e motaies found m ^ and/or ^ ^ 

glycosylanon sites that are not present in the aniibody. 

Glycosylate of antibodies is typically e.ther N-„ nk ed or O-.inked. N-.in.ced refers to the attachment of 
he carbohydrate moi ety to the s.de cha.n of an as P ara gine residue. The tnpept.de sequences aspara g ,„e-X-senne 

attachment of the carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these tnpeptide 
sequences in a po.ypeptide creates a potentia, glycosylate site. O-hnked g ,ycosy.a,ion refers to the attachment of 
one of the sugars N-acey,ga.actosamine, ga.actose, or xy.ose to a hydroxyamino acid, most common* serine or 
threomne, although 5-hydroxyprohne or 5-hydroxylysine may also be used. 

Addition of g. yC os yl ation sites to the antibody is conveniently accompl.shed by a.tenng the amino acid 

sequence sue that i, contains one or more of the above-desenbed tr.peptide sequences (for N-linked gl yco Syl at,on 

sues). The al.erat.on may a.so be made by the addit.on of, or substitution by, one or more serine or threonine 

res.dues to the sequence of the original antibody (for O-l.nked glycosylat.on sites) 

Nucleic acid molecules encoding amino acid sequence variants of the anti-ErbB2 antibody are prepared by 

ava,,e,yofmethods k nowninthear, These methods inc.ude, but are no, hmited to, .solation from a natural sou J 
mthecaseofnatur^ 

dtreced) mutagenesis, PGR mutagenes.s, and cassette mutagenes.s of an earl.er prepared variant or a non-var.an, 
version of the anti-ErbB2 antibody. 

I« may be desirable to modify the antibody of the invention with respect to effector function. e.g so as to 
enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or complement dependent cytotoxicity (CDC) 
of the antibody. This may be ach.eved by introducing one or more amino acid substitutions in an Fc reg.on of the 
anttbody. Alternative* or additionally, cysteine residue(s) may be introduced in the Fc region, thereby allowing 
■ntercham d.sulf.de bond formation in this region. The homod.meric ant.body thus generated may have improved 
mternahzation capability and/or .ncreased complement-mediated cel. ki.ling and antibody-dependent cellular 
cytotox,c,ty (ADCC). See Caron et al. , J. Exp Med. 1 76- 1 1 9 1 - 1 1 0 5 n ooo , nnrl c h n , , 
, 0 „ p J'o.uyi Iiy5(l&92)andShopes,B.y.//nwM«c7/. 148:2918- 

2922 (,992). Homodimeric antibodies with enhanced anti-tumor activity may a.so be prepared us.n* 
heterob.func.ona. cross-.inkers as desenbed in Wolffs, Cancer Research 53:2560-2565 (.993). A.ternative.; 
an anttbody can be engmeered which has dua. Fc regions and may thereby have enhanced comp.emen, .ysis and 
ADCC capab.l.t.es. See Stevenson el al. Anti-Cancer Drug Design 3:219-230 (1989) 

To increase the serum half life of the antibody, one may mcorporate a sa.vage receptor binding ep.tope into 
•he anttbody (especial* an antibody fragment) as described in U.S. Patent 5.739,277, for example. As used herein 
.he term "salvage receptor binding epitope" refers to an epitope of the Fc region of an IgG molecule , gG / 
IgG 2 , IgG 3 , or lgG 4 ) that is responsible for increasing the in wvo serum half-life of the IgG molecule. 
„ (viii) Screening for antibodies with the desired properties 
Techmques for generating antibod.es have been described above. One may further se.ect antibodies with 
certain biological characteristics, as desired. 

b.ock P H T R °r n ? a " amib ° dy " gand aCtiVal, ° n ° f ^ ErbB reCep,0r ' thC abi »* ""ibody to 

b.ock ErbB ..gand bind.ng to ce.ls express.ng the ErbB receptor (,,. in conjugation with another ErbB receptor 
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with which the ErbB receptor of interest forms an ErbB hetero-oligomer) may be determined. For example, cells 

naturally expressing, or transfected to express, ErbB receptors of the ErbB hetero-oligomer may be incubated with 

the antibody and then exposed to labeled ErbB ligand. The ability of the anti-ErbB2 antibody to block ligand 

binding to the ErbB receptor in the ErbB hetero-oligomer may then be evaluated. 

For example, inhibition of HRG binding to MCF7 breast tumor cell lines by anli-ErbB2 antibodies may be 

performed using monolayer MCF7 cultures on ice in a 24- well-plate format essentially as described in Example 1 

1 25 

below. Anti-ErbB2 monoclonal antibodies may be added to each well and incubated for 30 minutes. 1-labeled 
rHRGpi |77_224 (25 pm) may then be added, and the incubation may be continued for 4 to 1 6 hours. Dose response 
curves may be prepared and an 1C 50 value may be calculated for the antibody of interest. In one embodiment, the 
antibody which blocks ligand activation of an ErbB receptor will have an IC 5n for inhibiting HRG binding to 
MCF7 cells in this assay of about 50nM or less, more preferably lOnM or less. Where the antibody is an antibody 
fragment such as a Fab fragment, the IC 50 for inhibiting HRG binding to MCF7 cells in this assay may, for example, 
be about 1 OOnM or less, more preferably 50nM or less. 

Alternatively, or additionally, the ability of the anti-ErbB2 antibody to block ErbB ligand-stimulated 
tyrosine phosphorylation of an ErbB receptor present in an ErbB hetero-oligomer may be assessed. For example, 
cells endogenously expressing the ErbB receptors or transfected to expressed them may be incubated with the 
antibody and then assayed for ErbB ligand-dependent tyrosine phosphorylation activity using an anti- 
phosphotyrosine monoclonal (which is optionally conjugated with a detectable label). The kinase receptor activation 
assay described in U.S. Patent No. 5,766,863 is also available for determining ErbB receptor activation and 
blocking of that activity by an antibody. 

In one embodiment, ohe~may~screen for an antibody which- inhibits HRG_stimu]atiori ^of pi 80 tyrosine 
phosphorylation in MCF7 cells essentially as described in Example 1 below. For example, the MCF7 cells may be 
plated in 24-well plates and monoclonal antibodies to ErbB2 may be added to each well and incubated for 30 
minutes at room temperature; then rHRGpi 177.244 may be added to each well to a final concentration of 0.2 nM, and 
the incubation may be continued for 8 minutes. Media may be aspirated from each well, and reactions may be 
stopped by the addition of 100 ul of SDS sample buffer (5% SDS, 25 mM DTX and 25 mM Tris-HCl, pH 6.8). 
Each sample (25 ul) may be electrophoresed on a 4-12% gradient gel (Novex) and then electrophoretically 
transferred to polyvinylidene difluoride membrane. Antiphosphotyrosine (at 1 ug/ml) immunoblots may be 
developed, and the intensity of the predominant reactive band at M r -180,000 may be quantified by reflectance 
densitometry. The antibody selected will preferably significantly inhibit HRG stimulation of pi 80 tyrosine 
phosphorylation to about 0-35% of control in this assay. A dose-response curve for inhibition of HRG stimulation 
of pi 80 tyrosine phosphorylation as determined by reflectance densitometry may be prepared and an IC M) for the 
antibody of interest may be calculated. In one embodiment, the antibody which blocks ligand activation of an ErbB 
receptor will have an IC 50 for inhibiting HRG stimulation of pi 80 tyrosine phosphorylation in this assay of about 
50nM or less, more preferably lOnM or less. Where the antibody is an antibody fragment such as a Fab fragment, 
the IC 50 for inhibiting HRG stimulation of pi 80 tyrosine phosphorylation in this assay may, for example, be about 
lOOnM or less, more preferably 50nM or less. 

One may also assess the growth inhibitory effects of the antibody on MDA-MB-175 cells, e.g, essentially 
as described in Schaefer et al Oncogene 15:1385-1394 (1997). According to this assay, MDA-MB-175 cells may 
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treated with an a„ lI -ErbB2 m onoc.ona. anybody (.Opg/mL) for 4 days and stained with crysta. vide,. Incubation 
wth an anti-ErbB2 antibody ma y show a growth inhibitory effect on this cell line s.mi.ar to that displayed by 
monoclonal antibody 2C4. In a further embodiment, exogenous HRG will not significantly reverse this inhibit.on 
Preferably, the antibody win be able to inhibit cel. proliferation of MDA-MB-,75 cells to a greater extent than 
monoclonal antibody 4D5 (and optiona.ly to a greater extent than monoclonal antibody 7F3), both in the presence 
and absence of exogenous HRG. 

In one embodiment, the anti-ErbB2 antibody of interest may block heregulin dependent assoaation of ErbB2 
wth ErbB3 in both MCF7 and SK-BR-3 ce.ls as determined in a co-immunopreciphation experiment such as that 
descnbed in Example 2 substantially more effectively than monoc.ona. antibody 4D5, and preferably substantial* 
more effectively than monoclonal antibody 7F3. 

To identify growth inhib.tory anti-ErbB2 antibod.es, one may screen for antibodies which mhibit the 
growth of cancer cells which overexpress ErbBZ In one embodunent, the growth .nhibitory antibody of choice is 
able to inhibit growth of SK-BR-3 cells in cel. culture by about 20-100% and preferably by about 50-100% a, an 
ant.body concentration of about 0.5 to 30 M g/ml. To identify such antibodies, the SK-BR-3 assay described in U S 
Patent No. 5,677,171 can be performed. According to this assay, SK-BR-3 cells are grown in a 1:1 m,x,ureofF,2 
and DMEM medium supplemented with 1 0% fetal bovine serum, glutamine and penicillin streptomycin. The SK-BR- 
3 ce..s are plated at 20,000 ce.ls in a 35mm eel, cu.ture d.sh (2m.s/35mm dish). 0.5 to 30 pg/ml of the anti-ErbB2 
ant.body is added per dish. After six days, the number of ce.ls, compared to untreated ce.ls are counted using an 
electronic COULTER- ce.l counter. Those antibodies which inhibit growth of the SK-BR-3 cel.s by about 20- 
100% or about 50-100% may be selected as growth inhibitory antibodies. 

ToselectforantibodieswhichinducecelldeathJossofmembraneintegrityas ind.cated by, e.g PI trypan 
blue or 7AAD uptake may be assessed relative to control. The preferred assay is the PI uptake assay using BT474 
cells. According to this assay, BT474 cel.s (which can be obtained from the American Type Cu.ture Co.lection 
(Rockvi.le, MD)) are cultured in Du.becco's Modified Eag.e Medium (D-MEM).Ham's F-.2 (5050) 
supp.emen,ed with .0% heat-inactivated FBS (Hyclone) and 2 mM L-g.utam.ne. (Thus, the assay is performed in 
the absence of complement and immune effector cells). The BT474 cells are seeded at a density of 3 x 1 0 6 per dish 
■n 100 x 20 mm d.shes and allowed to attach overnight. The medium is then removed and replaced with fresh 
medtum alone or medium containing lOpg/m. of the approbate monoc.ona. antibody. The cel.s are incubated for 
a 3 day ume penod. Following each treatment, monolayers are washed with PBS and detached by trypsinizat.on 
Cells are then centrifuged at 1 200rpm for 5 minutes at 4<>C, the pellet resuspended in 3 ml ice cold Ca 2+ bindin* 
buffer (10 mM Hepes, pH 7.4, ,40 mM Nad, 2.5 mM CaC 2 ) and al, q uoted into 35 mm strainer-capped ,2 x 75 
tubes (,ml per tube, 3 tubes per treatment group) for removal of cel, dumps. Tubes then receive PI (I0ug/ m l) 
Samples may be analyzed using a FACSCAN™ flow cytometer and FACSCONVERT™ Cel.Ques, software 
(Becton Dickinson). Those antibodies which induce statistically significant .eve.s of cell death asdeterm.ned by PI 
uptake may be selected as cell death-inducing antibodies. 

In order to select for antibodies which induce apoptosis, an annexin binding assay using BT474 cells is 
avatlable. The BT474 cells are cultured and seeded in dishes as d.scussed in the preceding paragraph. The medium 
-s then removed and replaced with fresh medium alone or medium containing . Opg/m, of the monoc.ona. antibody 
Fo.low.ng a three day incubation period, monolayers are washed with PBS and detached by trypsinization Cel.s 
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are then centrifuged, resuspended in Ca 2+ binding buffer and aliquoted into tubes as discussed above for the cell 
death assay. Tubes then receive labeled annexin (e.g. annexin V-FTIC) (lug/ml). Samples may be analyzed using 
a FACSCAN™ flow cytometer and FACSCONVERT™ CellQuest software (Becton Dickinson). Those antibodies 
which induce statistically significant levels of annexin binding relative to control are selected as apoptosis-inducing 
5 antibodies. 

In addition to the annexin binding assay, a DNA staining assay using BT474 cells is available. In order to 
perform this assay, BT474 cells which have been treated with the antibody of interest as described in the preceding 
two paragraphs are incubated with 9ug/ml HOECHST 33342™ for 2 hr at 37°C, then analyzed on an EPICS 
ELITE™ flow cytometer (Coulter Corporation) using MODFIT LT™ software (Verity Software House). Antibodies 
10 which induce a change in the percentage of apoptotic ceils which is 2 fold or greater (and preferably 3 fold or 
greater) than untreated cells (up to 100% apoptotic cells) may be selected as pro-apoptotic antibodies using this 
assay. 

To screen for antibodies which bind to an epitope on ErbB2 bound by an antibody of interest, a routine cross- 
blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory, Ed 
1 5 Harlow and David Lane (1988), can be performed. Alternatively, or additionally, epitope mapping can be performed 
by methods known in the art (see, e.g. Figs. 1 A and IB herein). 
(ix) lmmunoconjugates 

The invention also pertains to immunoconjugates comprising an antibody conjugated to a cytotoxic agent 
such as a chemotherapeutic agent, toxin (e.g. a small molecule toxin or an enzymatically active toxin of bacterial, 
20 fungal, plant or animal origin, including fragments and/or variants thereof), or a radioactive isotope (i.e., a 
radioconjugate)." 

■■4: Chemotherapeutic agents useful in the generation of such immunoconjugates have been described above. 

Conjugates of an antibody and one or more small molecule toxins, such as a calicheamicin, a rnaytansine (U.S. Patent 
No. 5,208,020), a trichothene, and CC1065 are also contemplated herein. 

25 In one preferred embodiment of the invention, the antibody is conjugated to one or more rnaytansine 

molecules (e.g. about 1 to about 10 rnaytansine molecules per antibody molecule). Maytansine may, for example, 
be converted to May-SS-Me which may be reduced to May-SH3 and reacted with modified antibody (Chari et a/. 
Cancer Research 52: 127-131 (1992)) to generate a maytansinoid-antibody immunoconjugate. 

Another immunoconjugate of interest comprises an anti-ErbB2 antibody conjugated to one or more 

30 calicheamicin molecules. The calicheamicin family of antibiotics are capable of producing double-stranded DNA 
breaks at sub-picomolar concentrations. Structural analogues of calicheamicin which may be used include, but are 
not limited to, y, 1 , a, 1 , a 3 f ? N-acetyl-y, 1 , PSAG and B 1 , (Hinman et al. Cancer Research 53: 3336-3342 (1993) and 
Lode et al. Cancer Research 58: 2925-2928 (1998)). See, also, US Patent Nos. 5,714,586; 5,712,374; 5,264,586; 
and 5,773,001 expressly incorporated herein by reference. 

35 Enzymatically active toxins and fragments thereof which can be used include diphtheria A chain, 

nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, 
abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phywlaca americana 
proteins (PAPI, PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, 
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gelontn, mitogellin, restrictocin, phenomycin, enomycin and the tricothecenes. See, for example, WO 93/^1232 
published October 28, 1993. 

The presen. invention further contemplates an immunoconjugate formed between an ant.body and a 
compound with nuc.eo.ytic activity (,,. a ribonuclease or a DNA endonuc.ease such as a deoxyribonuc.ease 
DNase). 

A variety of radioacti ve isotopes are available for the production of radioconjugated ant,-ErbB2 antibod.es. 
Examples tnc.ude At , ,»>. ^ Y » ^,86 ^„ ^ ^ p32 ^ ^ ^ ^ 

Conjugates of the antibody and cyto.ox.c agent may be made using a variety of bifunctiona, protein coupling 
agents such as N-succinimidy,-3-(2-pyridy.dithio.) propionate (SPDP), succ,n,m,dyl-4-(N-ma.eimidomethyO 
cyc.ohexane-l-carboxy,ate, iminothio.ane (IT), Afunctional derivat.ves of imidoesters (such as d.methy. 
adip.m.date HCL), active esters (such as disuccinimidy. suberate), aldehydes (such as g.utareldehyde), bis-azido 
compounds (such as bis (p-azidobenzoy» hexanediamine), b,s-diazonium derivatives (such as bis-(p- 
d.azoniumbenzoy.)-ethy,ened,amine), d.isocyanates (such as to.yene 2,6-dnsocyanate), and bis-active fluorine 
compounds (such as .,5-dif,uoro-2,4-d,nitrobe„ze„e). For example, a ricin immunotoxin can be prepared as 

tnaminepentaacetic acid (MX-DTPA) is an exemplary chelatmg agent for conjugation of radionuc.eotide to the 
antibody. See W094/1 ,026. The .inker may be a "Ceavab.e linker" faclitating release of the cytotoxic drug in the 
cell. For examp.e, an acid-.abile linker, peptidase-sensitive linker, dimethyl linker or disulfide-containing linker 
(Chart et al. Cancer Research 52: 1 27- 1 3 1 ( 1 992)) may be used. 

Alternatively, a fusion protein comprising the anti-ErbB2 antibody and cytotoxic agent may be made, e.g. 
by recombinant techniques or peptide synthesis. 

Inyet another embodiment, the antibody m aybe conjugated to a "receptor" (such streptavidin) for utilization 
■n tumor pretargeting wherein the antibody-receptor conjugate is administered to the patient, followed by removal 
of unbound conjugate from the circulation using a clearing agent and then administration of a "ligand" (e , avidin) 
which .s conjugated to a cytotoxic agent (e.g. a radionucleotide). 

(x) Antibody Dependent Enzyme Mediated Prodrug Therapy (ADEPT) 

The antibodies of the presen, invention may also be used in ADEPT by conjugating the antibody to a 
prodrug-activating enzyme which converts a prodrug (e.g. a peptidy. chemotherapeutic agent, see WO81/01 145) to 
an active ant.-cancer drug. See, for example, WO 88/07378 and U.S. Patent No. 4,975,278. 

The enzyme component of the immunoconjugate useful for ADEPT mcludes anyenzyme capable of actin* 
on a prodrug ,n such a way so as to covert it into its more active, cytotoxic form. 

Enzymes that are useful in the method of this invention include, bu, are no, Hmited to, alkaline phosphatase 
useful for convening phosphate-contaming prodrugs into free drugs; arylsu.fatase usefu. for convening su.fate- 
contatntng prodrugs into free drugs; cytosine deaminase usefu. for converting non-toxic 5-fluorocytosine into the 
anu-cancer drug. 5-fluorouracil; proteases, such as serratia protease, thermo.ysin, subti.isin, carboxypeptidases and 
cathepsins (such as cathepsins B and L), tha, are usefu. for convening pep,ide-conta,n,ng prodrugs into free dru-s 
D-a.any«carboxypeptidases, usefu. for converting prodrugs that contain D-amino acid substituents; carbohydnue- 
cleaving enzymes such as p-ga.ac,osidase and neuraminidase usefu. for convening g.ycosy.ated prodrugs into free 
drugs; p-lactamase usefu. for convening drugs derivatized with P -.actams into free drugs; and penicillin amidases 
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such as penicillin V amidase or penicillin G amidase, useful for converting drugs derivatized at their amine nitrogens 
with phenoxyacetyl or phenylacetyl groups, respectively, into free drugs. Alternatively, antibodies with enzymatic 
activity, also known in the art as "abzymes", can be used to convert the prodrugs of the invention into free active 
drugs (see, e.g., Massey, Nature 328: 457-458 (1987)). Antibody-abzyme conjugates can be prepared as described 
herein for delivery of the abzyme to a tumor cell population. 

The enzymes of this invention can be covalently bound to the anti-ErbB2 antibodies by techniques well 
known in the art such as the use of the heterobifunctional crosslinking reagents discussed above. Alternatively, 
fusion proteins comprising at least the antigen binding region of an antibody of the invention linked to at least a 
functionally active portion of an enzyme of the invention can be constructed using recombinant DNA techniques well 
known in the art (see, e.g., Neuberger et aL, Nature, 312: 604-608 (1984). 

(xi) Other antibody modifications 

Other modifications of the antibody are contemplated herein. For example, the antibody may be linked to 
one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, polyoxyalkylenes, 
or copolymers of polyethylene glycol and polypropylene glycol. The antibody also may be entrapped in 
microcapsules prepared, for example, by coacervation techniques or by interfacial polymerization (for example, 
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate) microcapsules, respectively), in 
colloidal drug delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles and 
nanocapsules), or in macroemulsions. Such techniques are disclosed in Remington s Pharmaceutical Sciences, 1 6th 
edition, Oslo, A., Ed., (1980). 

The anti-ErbB2 antibodies disclosed herein may also be formulated as immunoliposomes. Liposomes 
containing the antibody are prepared by methods known in- the art, such as described in Epstein et al. t Prqc. Natl. 
Acad. Sci. USA, 82:3688 (1985); Hwang et al % Proc. Natl Acad. Sci. USA, 77:4030 (1980); U.S. Pat. Nos. 
4,485,045 and 4,544,545; and W097/38731 published October 23, 1997. Liposomes with enhanced circulation 
time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse phase evaporation method with a lipid 
composition comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatidylethanolarnine (PEG-PE). 
Liposomes are extruded through filters of defined pore size to yield liposomes with the desired diameter. Fab' 
fragments of the antibody of the present invention can be conjugated to the liposomes as described in Martin etal. 
J. Biol. Chem. 257: 286-288 (1982) via a disulfide interchange reaction. A chemotherapeutic agent is optionally 
contained within the liposome. See Gabizon et aL J. National Cancer lnst.% 1(1 9)1484 (1989). 
III. Vectors, Host Cells and Recombinant Methods 

The invention also provides isolated nucleic acid encoding the humanized anti-ErbB2 antibody, vectors 
and host cells comprising the nucleic acid, and recombinant techniques for the production of the antibody. 

For recombinant production of the antibody, the nucleic acid encoding it is isolated and inserted into a 
replicable vector for further cloning (amplification of the DNA) or for expression. DNA encoding the monoclonal 
antibody is readily isolated and sequenced using conventional procedures (e.g., by using oligonucleotide probes 
that are capable of binding specifically to genes encoding the heavy and light chains of the antibody). Many vectors 
are available. The vector components generally include, but are not limited to, one or more of the following: a signal 
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appropriate host cell when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line deficient in 
DHFR activity. 

Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR) transformed or co- 
transformed with DNA sequences encoding anti-ErbB2 antibody, wild-type DHFR protein, and another selectable 
marker such as aminoglycoside 3 -phosphotransferase (APH) can be selected by cell growth in medium containing 
a selection agent for the selectable marker such as an aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or 
G4 18. See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trp\ gene present in the yeast plasmid YRp7 (Stinchcomb et 
aL, Nature, 282:39 (1979)). The trp 1 gene provides a selection marker for a mutant strain of yeast lacking the ability 
to grow in tryptophan, for example, ATCC No. 44076 or PEP4- 1 . Jones, Genetics, 85: 12 ( 1 977). The presence of 
the trp\ lesion in the yeast host cell genome then provides an effective environment for detecting transformation by 
growth in the absence of tryptophan. Similarly, L^2-deficient yeast strains (ATCC 20,622 or 38,626) are 
complemented by known plasmids bearing the Leitl gene. 

In addition, vectors derived from the 1.6 pm circular plasmid pKDl can be used for transformation of 
Kluyveromyces yeasts. Alternatively, an expression system for large-scale production of recombinant calf chymosin 
was reported for K. lactis. Van den Berg, Bio/T echnology\ 8: 1 35 ( 1 990). Stable multi-copy expression vectors for 
secretion of mature recombinant human serum albumin by industrial strains of Kluyveromyces have also been 
disclosed. Fleer et ai, Bio/Technology, 9:968-975 ( 1 99 1 ). 

(iv) Promoter component 

Expression and cloning vectors usually contain a promoter that is recognized by the host organism and is 
operably linked to the anti-ErbB2 antibody nucleic acid. Promoters suitable for use with prokaryotic hosts include 
the phoA promoter , p-lactamase and lactose promoter systems, alkaline phosphatase, a tryptophan (trp) promoter 
system, and hybrid promoters such as the tac promoter. However, other known bacterial promoters are suitable. 
Promoters for use in bacterial systems also will contain a Shine-Dalgarno (S.D.) sequence operably linked to the 
DNA encoding the anti-ErbB2 antibody. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-rich region located 
approximately 25 to 30 bases upstream from the site where transcription is initiated. Another sequence found 70 to 
80 bases upstream from the start of transcription of many genes is a CNCAAT region where N may be any 
nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence that may be the signal for addition of 
the poly A tail to the 3' end of the coding sequence. All of these sequences are suitably inserted into eukaryotic 
expression vectors. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 
phosphoglycerate kinase or other glycolytic enzymes, such asenolase, glyceraIdehyde-3-phosphate dehydrogenase, 
hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate 
mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of transcription 
controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid 
phosphatase, degradati ve enzymes associated with nitrogen metabolism, metal lothionein, glyceraldehyde-3-phosphate 
dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for 
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marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (e.g., B. licheniformis 41P 
disclosed in DD 266,7 10 published 1 2 April 1989), Pseudomonas such as P. aeruginosa, and Streptomyces. One 
preferred E. coli cloning host is E. coli 294 (ATCC 3 1 ,446), although other strains such as E. coli B, E. coli XI 776 
(ATCC 31,537), and E. coli W31 10 (ATCC 27,325) are suitable. These examples are illustrative rather than 
limiting. 

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable cloning or 
expression hosts for anti-ErbB2 antibody-encoding vectors. Saccharomyces cerevisiae, or common baker's yeast, 
is the most commonly used among lower eukaryotic host microorganisms. However, a number of other genera, 
species, and strains are commonly available and useful herein, such as Schizosaccharomyces pombe, Kluyveromyces 
hosts such as, e.g., K. lactis, K. fragilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 
24, J 78), K. waltii (ATCC 56,500), K. drosophilarum (ATCC 36,906), K . thermotolerans, and K. marxianus; 
yarrowia (EP 402,226); Pichia pastoris (EP 183,070); Candida; Trichoderma reesia (EP 244,234); Neurospora 
crassa; Schwanniomyces such as Schwanniomyces occidental; and filamentous fungi such as, e.g.. Neurospora, 
Penicillium, Tolypocladium, and Aspergillus hosts such as A. nidulans and A. niger. 

Suitable host cells for the expression of glycosylated anti-ErbB2 antibody are derived from multicellular 
organisms. Examples of invertebrate cells include plant and insect cells. Numerous baculoviral strains and variants 
and corresponding permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes 
aegypti (mosquito), Aedes albopictus (mosquito), Drosophila melanogaster (fruitlly), and Bombyx mori have been 
identified. A variety of viral strains for transfection are publicly available, e.g., the L-l variant of Autographa 
californica NPV and the Bm-5 strain of Bombyx mori NPV, and such viruses may be used as the virus herein 
according to-the -present invention, particularly for transfection of Spodoptera frugiperda cells. 

Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, and tobacco can also be utilized as 

hosts. 

However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in culture (tissue 
culture) has become a routine procedure. Examples of useful mammalian host cell lines are monkey kidney CV1 
line transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned 
for growth in suspension culture, Graham el al, J. Gen Virol. 36:59 (1977)); baby hamster kidney cells (BHK, 
ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, Urlaub el al., Proc. Natl. Acad. Sci. USA 77:4216 
(1980)): mouse Sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey kidney cells (CVI ATCC 
CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL- 1587); human cervical carcinoma cells 
(HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 
1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor 
(MMT 060562, ATCC CCL5 1 ); TRI cells (Mather et al.. Annals N. Y. Acad. Sci. 383:44-68 ( 1 982)); MRC 5 cells; 
FS4 cells; and a human hepatoma line (Hep G2). 

Host cells are transformed with the above-described expression or cloning vectors for anti-ErbB2 antibody 

production and cultured in conventional nutrient media modified as appropriate for inducing promoters, selecting 

transformants, or amplifying the genes encoding the desired sequences. 
(viii) Culturing the host cells 
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Following any preliminary purification step(s), the mixture comprising the antibody of interest and 
contaminants may be subjected to low pH hydrophobic interaction chromatography using an elution buffer at a pH 
between about 2.5-4.5, preferably performed at low salt concentrations (<?.£., from about 0-0.25M salt). 
IV. Pharmaceutical Formulations 
5 Therapeutic formulations of the antibodies used in accordance with the present invention are prepared for 

storage by mixing an antibody having the desired degree of purity with optional pharmaceuticaily acceptable carriers, 
excipients or stabilizers {Remington s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of 
lyophilized formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to 
recipients at the dosages and concentrations employed, and include buffers such as phosphate, citrate, and other 

10 organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as 
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium 
chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; 
cyclohexanol; 3-pentanol: and m-cresol); low molecular weight (less than about 1 0 residues) polypeptides; proteins, 
such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids 

15 such as glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other 
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA: sugars such as sucrose, 
mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-protein 
complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG). 
Preferred lyophilized anli-ErbB2 antibody formulations are described in WO 97/04801, expressly incorporated 
20 herein by reference. 

The formulation herein may also contain more than one active compound as necessary for the particular 
indication being treated, preferably those with complementary activities that do not adversely affect each other. For 
example, it may be desirable to further provide antibodies which bind to EGFR, ErbB2 (e.g. an antibody which binds 
a different epitope on ErbB2), ErbB3, ErbB4, or vascular endothelial factor (VEGF) in the one formulation. 
25 Alternatively, or additionally, the composition may further comprise a chemotherapeutic agent, cytotoxic agent, 
cytokine, growth inhibitory agent, anti-hormonal agent, EGFR-targeted drug, anti-angiogenic agent, and/or 
cardioprotectant. Such molecules are suitably present in combination in amounts that are effective for the purpose 
intended. 

The active ingredients may also be entrapped in microcapsules prepared, for example, by coacervation 
30 techniques or by tnterfacial polymerization, for example, hydroxymethylcellulose or gelatin-microcapsules and 
poly-(methyimethacylate) microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, 
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such techniques 
are disclosed in Remington s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). 

Sustained-release preparations may be prepared. Suitable examples of sustained-release preparations include 
35 semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are in the form of 
shaped articles, e.g. films, or microcapsules. Examples of sustained-relea.se matrices include polyesters, hydrogels 
(for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), 
copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic 
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35 



a ntoderate to strong complete membrane staining is observed in more than 10% of the tumor cells 
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In one embodiment, the cancer will be one which expresses (and may overexpress) EGFR. Examples of 
cancers which may express/overexpress EGFR include squamous cell cancer (e.g. epithelial squamous cell cancer), 
lung cancer including small-cell lung cancer, non-small cell lung cancer, adenocarcinoma of the lung and squamous 
carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer, gastric or stomach cancer including 
gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, 
hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer, endometrial or uterine carcinoma, salivary 
gland carcinoma, kidney or renal cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal 
carcinoma, penile carcinoma, as well as head and neck cancer. 

The cancer to be treated herein may be one characterized by excessive activation of an ErbB receptor, e.g. 
EGFR. Such excessive activation may be attributable to overexpression or increased production of the ErbB 
receptor or an ErbB ligand. In one embodiment of the invention, a diagnostic or prognostic assay will be performed 
to determine whether the patient's cancer is characterized by excessive activation of an ErbB receptor. For example, 
ErbB gene amplification and/or overexpression of an ErbB receptor in the cancer may be determined. Various assays 
for determining such amplification/overexpression are available in the art and include the IHC, FISH and shed 
antigen assays described above. Alternatively, or additionally, levels of an ErbB ligand, such as TGF-a. in or 
associated with the tumor may be determined according to known procedures. Such assays may detect protein 
and/or nucleic acid encoding it in the sample to be tested. In one embodiment, ErbB ligand levels in the tumor may 
be determined using immunohistochemistry (IHC); see, for example, Scher el al. Clin. Cancer Research 1 :545-550 
(1995). Alternatively, or additionally, one may evaluate levels of ErbB ligand-encoding nucleic acid in the sample 
to be tested; e.g. via FISH, southern blotting, or PCR techniques. 

Moreover, EjbB receptor or ErbB ligand overexpression or amplification may be evaluated using an in 
vivo diagnostic assay, e.g. by administering a molecule (such as an antibody) which binds the molecule to be detected 
and is tagged with a detectable label (e.g. a radioactive isotope) and externally scanning the patient for localization 
of the label. 

Where the cancer to be treated is hormone independent cancer, expression of the hormone (e.g. androgen) 
and/or its cognate receptor in the tumor may be assessed using any of the various assays available, e.g. as described 
above. Alternatively, or additionally, the patient may be diagnosed as having hormone independent cancer in that 
they no longer respond to anti-androgen therapy. 

In certain embodiments, an immunoconjugate comprising the anti-ErbB2 antibody conjugated with a 
cytotoxic agent is administered to the patient. Preferably, the immunoconjugate and/or ErbB2 protein to which it 
is bound is/are internalized by the cell, resulting in increased therapeutic efficacy of the immunoconjugate in killing 
the cancer cell to which it binds. In a preferred embodiment, the cytotoxic agent targets or interferes with nucleic 
acid in the cancer cell. Examples of such cytotoxic agents include maytansinoids, calicheamicins, ribonucleasesand 
DNA endonucleases. 

The anti-ErbB2 antibodies or immunoconjugates are administered to a human patient in accord with known 
methods, such is intravenous administration, e.g., as a bolus or by continuous infusion over a period of time, by 
intramuscular, intraperitoneal, intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, 
topical, or inhalation routes. Intravenous or subcutaneous administration of the antibody is preferred. 
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Other therapeutic reg.mens may be combined with the administration of the ant.-ErbB2 antibody The 
combined admin.stration includes coadministration, using separate formulations or a s.ng.e pharmaceutical 
formu.at.on. and conserve administration in either order, wherem preferably there is a time period while both (or 
all) active agents simultaneously exert their biological activities. 

In one preferred embodiment, the patient is treated with two different an,i-ErbB2 antibodies. For example 
the pattern may be treated with a first an,i-ErbB2 antibody which blocks Hgand activation of an ErbB receptor or an 
antibody having a bio.ogica. characteristic of monoclonal antibody 2C4 as we., as a second anti-ErbB2 antibody 
which is growth inhibitory (,,. HERCEPTIN®) or an an,,-ErbB2 antibody which induces apoptosis of an ErbB2- 
overexpressing eel, (,g. 7C2, 7F3 or humanized variants thereof). Preferably such combmed therapy resuits in a 
synerg,st,c therapeutic effect. One may. for instance, treat the patient with HERCEPTIN® and thereafter treat with 
rhuMAb 2C4, , g . where the patient does not respond to HERCEPTIN® therapy. In another embodiment, the pattern 
may firs, be treated with rhuMAb 2C4 and then recetve HERCEPTIN® therapy. ,„ yet a further embodiment the 
patient may be treated with both rhuMAb 2C4 and HERCEPTIN® simultaneously. 

I. may also be desirab.e to combine adm.nistration of the an,i-ErbB2 anttbody or antibodies with 
administration of an antibody d.rected against another tumor associated antigen. The other antibody in this case may 
for example, bind to EGFR, ErbB3, ErbB4, or vascular endothelial growth factor (VEGF) 

In one embodiment, the treatment of the present invention involves the combined administration of an anti- 
ErbB2 ant,body (or antibod.es) and one or more chemotherapeutie agents or growth inhibitory agents, inc.uding 
coadministration of cocktails of different chemotherapeutie agents. Preferred chemotherapeutie agents include 
taxanes (such as pac.itaxe. and doeetaxel) and/or anthracyc.ine antibiotics. Preparation and dosmg schedules for 
such chemotherapeutie agents may be used according to manufacturers' instructions or as determined empirically by 
theskilled practitioner. Preparation and dosing schedules for such chemotherapy are also described in Chemotherapy 
Service Ed., M.C. Perry, Williams & Wilkins, Baltimore, MD (1992). 

The antibody may be combined with an anti-hormonal compound; e.g., an anti-estrogen compound such as 
tamoxtfen; an anti-progesterone such as onapnstone (see, EP 6,6 812); or an anti-androgen such as flutamide in 
dosages known for such molecules. Where the cancer to be treated is hormone independent cancer, the patient may 
prev.ous.y have been subjected to anti-hormonal therapy and, after the cancer becomes hormone tndeoendent the 
ant.- t rbB2 antibody (and optionally other agents as desenbed herein) may be administered to the pafient 

Somettmes, ,t may be beneficial to a.so coadmmister a cardioprotectan, (to prevent or reduce myocardial 
dysfunction associated with the therapy) or one or more cytokines to the patient One may a.so coadminister an 
EGFR- targeted drug or an anti-angiogenic agent. In addition to the above therapeutic reg.mes, the patient may be 
subjected to surgical removal of cancer cells and/or radiation therapy. 

The anti-ErbB2 antibodies herein may also be combmed with an EGFR-targeted drug such as those discussed 
above ,„ the definitions section resulting in a complementary, and potentially synergistic, therapeutic effect 

Su.tab.e dosages for any of the above coadministered agents are those presently used and may be lowered 
due to the combined action (synergy) of the agent and anti-ErbB2 antibody. 

For the prevention or treatment of disease, the appropriate dosage of antibody will depend on the type of 
disease to be treated, as defined above, the severity and course of the disease, whether the antibody is administered 
for prevent.ve or therapeutic purposes, previous therapy, the patients chnica. history and response to the antibody, 
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and the discretion of the attending physician. The antibody is suitably administered to the patient at one time or over 
a series of treatments. Depending on the type and severity of the disease, about 1 ug/kg to 15 mg/kg (e.g. 0.1- 
20mg/kg) of antibody is an initial candidate dosage for administration to the patient, whether, for example, by one 
or more separate administrations, or by continuous infusion. A typical daily dosage might range from about 1 ug/kg 
5 to 100 mg/kg or more, depending on the factors mentioned above. For repeated administrations over several days 
or longer, depending on the condition, the treatment is sustained until a desired suppression of disease symptoms 
occurs. The preferred dosage of the antibody will be in the range from about 0.05mg/kg to about lOmg/kg. Thus, 
one or more doses of about 0.5mg/kg, 2.0mg/kg, 4.0mg/kg or lOmg/kg (or any combination thereof) may be 
administered to the patient. Such doses may be administered intermittently, e.g. every week or every three weeks 
10 (e.g. such that the patient receives from about two to about twenty, e.g. about six doses of the anti-ErbB2 antibody). 
An initial higher loading dose, followed by one or more lower doses may be administered. An exemplary dosing 
regimen comprises administering an initial loading dose of about 4 mg/kg, followed by a weekly maintenance dose 
of about 2 mg/kg of the anti-ErbB2 antibody. However, other dosage regimens may be useful. The progress of this 
therapy is easily monitored by conventional techniques and assays. 

15 Aside from administration of the antibody protein to the patient, the present application contemplates 

administration of the antibody by gene therapy. Such administration of nucleic acid encoding the antibody is 
encompassed by the expression "administering a therapeutically effective amount of an antibody". See, for example, 
WO96/07321 published March 14, 1996 concerning the use of gene therapy to generate intracellular antibodies. 

There are two major approaches to getting the nucleic acid (optionally contained in a vector) into the patient's 

20 cells; in vivo and ex vivo. For in vivo delivery the nucleic acid is injected directly into the patient, usually at the site 
where the antibody is required. For ex vivo treatment, the patient's cells are removed, the nucleic acid is introduced 
:> into these isolated cells and the modified cells are administered to the patient either directly or, for example, 
encapsulated within porous membranes which are implanted into the patient (see, e.g. U.S. Patent Nos. 4,892,538 
and 5,283,187). There are a variety of techniques available for introducing nucleic acids into viable cells. The 

25 techniques vary depending upon whether the nucleic acid is transferred into cultured cells in vitro, or in vivo in the 
cells of the intended host. Techniques suitable for the transfer of nucleic acid into mammalian cells in vitro include 
the use of liposomes, electroporation, microinjection, cell fusion, DEAE-dextran, the calcium phosphate 
precipitation method, etc. A commonly used vector for ex vivo delivery of the gene is a retrovirus. 

The currently preferred in vivo nucleic acid transfer techniques include transfection with viral vectors (such 

30 as adenovirus, Herpes simplex I virus, or adeno-associated virus) and lipid-based systems (useful lipids for lipid- 
mediated transfer of the gene are DOTMA, DOPE and DC-Choi, for example). In some situations it is desirable to 
provide the nucleic acid source with an agent that targets the target cells, such as an antibody specific for a cell 
surface membrane protein or the target cell, a ligand for a receptor on the target cell, etc. Where liposomes are 
employed, proteins which bind to a cell surface membrane protein associated with endocytosis may be used for 

35 targeting and/or to facilitate uptake, e.g. capsid proteins or fragments thereof tropic for a particular cell type, 
antibodies for proteins which undergo internalization in cycling, and proteins that target intracellular localization 
and enhance intracellular half-life. The technique of receptor- mediated endocytosis is described, for example, by 
Wu et al, J. Biol. Chem. 262:4429-4432 (1987); and Wagner et at., Proc. Natl. Acad. Sci. USA 87:3410-3414 
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256.808-813 (1992). See also WO 93/25673 and the references cited .herein. 
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The antibodies (e.g. the humanized anti-ErbB2 antibodies) of the invention have further non-therapeutic 
applications. 

For example, the antibodies may be used as affinity purification agents. In this process, the antibodies are 
immobilized on a solid phase such a Sephadex resin or filter paper, using methods well known in the art. The 
5 immobilized antibody is contacted with a sample containing the ErbB2 protein (or fragment thereof) to be purified, 
and thereafter the support is washed with a suitable solvent that will remove substantially all the material in the 
sample except the ErbB2 protein, which is bound to the immobilized antibody. Finally, the support is washed with 
another suitable solvent, such as glycine buffer, pH 5.0, that will release the ErbB2 protein from the antibody. 

Anti-ErbB2 antibodies may also be useful in diagnostic assays for ErbB2 protein, e.g.. detecting its 
1 0 expression in specific cells, tissues, or serum. 

For diagnostic applications, the antibody typically will be labeled with a detectable moiety. Numerous 
labels are available which can be generally grouped into the following categories: 

(a) Radioisotopes, such as 35 S, ,4 C, 125 I, 3 H, and ,3I I. The antibody can be labeled with the radioisotope 
using the techniques described in Current Protocols in Immunology, Volumes 1 and 2, Coligen e t al, Ed. Wiley- 

15 Interscience, New York, New York, Pubs. (1 991 ) for example and radioactivity can be measured using scintillation 
counting. 

(b) Fluorescent labels such as rare earth chelates (europium chelates) or fluorescein and its derivatives, 
rhodamine and its derivatives, dansyl, Lissamine, phycoerythrin and Texas Red are available. The fluorescent labels 
can be conjugated to the antibody using the techniques disclosed in Current Protocols in Immunology, supra, for 

20 example. Fluorescence can be quantified using a fluorimeter. 

(c) Various enzyme-substrate labels are available and U.S. Patent No. 4,275,149 provides a review of some 
of these. The enzyme generally catalyzes a chemical alteration of the chromogenic substrate which can be measured 
using various techniques. For example, the enzyme may catalyze a color change in a substrate, which can be 
measured spectrophotometrically. Alternatively, the enzyme may alter the fl uorescence or chemiluminescence of the 

25 substrate. Techniques for quantifying a change in fluorescence are described above. The chemiluminescent substrate 
becomes electronically excited by a chemical reaction and may then emit light which can be measured (using a 
chemiluminometer, for example) ordonates energy to a fluorescent acceptor. Examples of enzymatic labels include 
luciferases (e.g., firefly luciferase and bacterial luciferase; U.S. Patent No. 4,737,456), luciferin, 2,3- 
dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such as horseradish peroxidase (HRPO), 

30 alkaline phosphatase, p-galactosidase, glucoamylase, lysozyme, saccharide oxidases (e.g. , glucose oxidase, galactose 
oxidase, and glucose-6-phosphate dehydrogenase), heterocyclic oxidases (such as uricase and xanthine oxidase), 
lactoperoxidase, microperoxidase, and the like. Techniques for conjugating enzymes to antibodies are described in 
OSullivan et al.. Methods for the Preparation of Enzyme- Antibody Conjugates for use in Enzyme Immunoassay, in 
Methods in Enzym. (ed J. Langone & H. Van Vunakis), Academic press, New York, 73:147-166 ( 1981). 

35 Examples of enzyme-substrate combinations include, for example: 

(i) Horseradish peroxidase (HRPO) with hydrogen peroxidase as* a substrate, wherein the hydrogen 
peroxidase oxidizes a dye precursor (e.g., orthophenylene diamine (OPD) or 3,3",5,5'-tetramethyl benzidine 
hydrochloride (TMB)); 

(ii) alkaline phosphatase (AP) with para-Nitrophenyl phosphate as chromogenic substrate; and 
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30 VIII. Deposit of Materials 

The folding hybridoma ceIJ lmes have ^ ^ ^ 
J0801 Umversuy Boulevard, Manassas, VA 201 10-2209, USA (ATCC): ^Jlecon, 

Antibody Designation ATCC No. Deposh Date 

ATCCHB-12215 October 17, 1996 

ATCCHB-I2216 October 17, 1996 

ATCC CRL 10463 May 24, 1990 

ATCCHB-I2697 April 8, 1999 



7C2 
7F3 
4D5 
2C4 
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Example 3 

Production and Characterization of Monoclonal Antibody 2C4 

The murine monoclonal antibodies 2C4, 7F3 and 4D5 which specifically bind the extracellular domain of 
ErbB2 were produced as described in Fendly et aL, Cancer Research 50:1550-1558 (1990). Briefly, NIH 
5 3T3/HER2-3 400 cells (expressing approximately 1 x 1 0 5 ErbB2 molecules/cell) produced as described in Hudziak 
et al Proc. Natl. Acad, ScL (USA) 84:7158-7163 (1987) were harvested with phosphate buffered saline (PBS) 
containing 25 mM EDTA and used to immunize BALB/c mice. The mice were given injections i.p. of 10 ? cells in 

0. 5ml PBS on weeks 0, 2, 5 and 7. The mice with antisera that immunoprecipitated 32 P-labeled ErbB2 were given 

1. p. injections of a wheat germ agglutinin-Sepharose (WGA) purified ErbB2 membrane extract on weeks 9 and 1 3. 
10 This was followed by an i.v. injection of 0.1 ml of theErbB2 preparation and the splenocytes were fused with mouse 

myeloma line X63-Ag8.653. 

Hybridoma supernatants were screened for ErbB2-binding by ELISA and radioimmunoprecipitation. 
The ErbB2 epitopes bound by monoclonal antibodies 4D5, 7F3 and 2C4 were determined by competitive 
binding analysis (Fendly et aL Cancer Research 50:1550-1558 (1990)). Cross-blocking studies were done on 
15 antibodies by direct fluorescence on intact cells using the PANDEX™ Screen Machine to quantitate fluorescence. 
Each monoclonal antibody was conjugated with fluorescein isothiocyanate (FITC), using established procedures 
(Wofsy et aL Selected Methods in Cellular Immunology, p. 287, Mishel and Schiigi (eds.) San Francisco: W.J. 
Freeman Co. (1980)). Confluent monolayers of NIH 3T3/HER2-3 400 cells were trypsinized, washed once, and 
resuspended at 1.75 x 10 6 ceJl/ml in cold PBS containing 0.5% bovine serum albumin (BSA) and 0.1% NaN 3 . A 
20 final concentration of 1 % latex particles (IDC, Portland, OR) was added to reduce clogging of the PANDEX™ 
plate membranes. Cells in suspension, 20 -pi, and 20 ul of purified monoclonal antibodies (lOOpg/ml to 0.1 ug/ml) 
were added to the PANDEX™ plate wells and incubated on ice for 30 minutes. A predetermined dilution of FITC- 
labeled monoclonal antibodies in 20 pi was added to each well, incubated for 30 minutes, washed, and the 
fluorescence was quantitated by the PANDEX™. Monoclonal antibodies were considered to share an epitope if 
25 each blocked binding of the other by 50% or greater in comparison to an irrelevant monoclonal antibody control. 
In this experiment, monoclonal antibodies 4D5, 7F3 and 2C4 were assigned epitopes I, G/F and F, respectively. 

The growth inhibitory characteristics of monoclonal antibodies 2C4, 7F3 and 4D5 were evaluated using 
the breast tumor cell line, SK-BR-3 (see Hudziak et aL Molec. Cell. BioL 9(3): 11 65- 1 1 72 ( 1 989)). Briefly, SK-BR-3 
cells were detached by using 0.25% (vol/vol) trypsin and suspended in complete medium at a density of 4 x 10 
30 cells per ml. Aliquots of 100 pi (4 x 10 4 cells) were plated into 96-well microdilution plates, the cells were allowed 
to adhere, and 100 pi of media alone or media containing monoclonal antibody (final concentration 5 ug/ml) was 
then added. After 72 hours, plates were washed twice with PBS (pH 7.5), stained with crystal violet (0.5% in 
methanol), and analyzed for relative cell proliferation as described in Sugarman etal. Science 230:943-945 (1985). 
Monoclonal antibodies 2C4 and 7F3 inhibited SK-BR-3 relative cell proliferation by about 20% and about 38%, 
35 respectively, compared to about 56% inhibition achieved with monoclonal antibody 4D5. 

Monoclonal antibodies 2C4, 4D5 and 7F3 were evaluated for their ability to inhibit HRG-stimulated 
tyrosine phosphorylation of proteins in the M x 1 80,000 range from whole-cell lysates of MCF7 cells (Lewis et aL 
Cancer Research 56:1457-1465 (1996)). MCF7 cells are reported to express all known ErbB receptors, but at 
relatively low levels. Since ErbB2, ErbB3, and ErbB4 have nearly identical molecular sizes, it is not possible to 
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widely among these cell lines. In fact, the range of ErbB2 expression in the cell lines tested varies by more than 2 
orders of magnitude. For example, BT-20, MCF7, and Caov3 express - 10 4 ErbB2 receptors/cell, whereas BT-474 
and SK-BR-3 express - 10 6 ErbB2 receptors/cell. Given the wide range of ErbB2 expression in these ceils and the 
data above, it was concluded that the interaction between ErbB2 and ErbB3 or ErbB4, was itself a high-affinity 
interaction that takes place on the surface of the plasma membrane. 

The growth inhibitory effects of monoclonal antibodies 2C4 and 4D5 on MDA-MB-175 and SK-BR-3 cells 
in the presence or absence of exogenous rHRGpi was assessed (Schaefer et al Oncogene 15:1385-1394 (1997)). 
ErbB2 levels in MDA-MB-175 cells are 4-6 times higher than the level found in normal breast epithelial cells and 
the ErbB2-ErbB4 receptor is constitutively tyrosine phosphorylated in MDA-MB-175 cells. MDA-MB-175 cells 
were treated with an anti-ErbB2 monoclonal antibodies 2C4 and 4D5 (lOug/mL) for 4 days. In a crystal violet 
staining assay, incubation with 2C4 showed a strong growth inhibitory effect on this cell line (Fig. 4A). Exogenous 
HRG did not significantly reverse this inhibition. On the other hand 2C4 revealed no inhibitory effect on the ErbB2 
overexpressing cell line SK-BR-3 (Fig. 4B). Monoclonal antibody 2C4 was able to inhibit cell proliferation of 
MDA-MB-175 cells to a greater extent than monoclonal antibody 4D5, both in the presence and absence of 
exogenous HRG. Inhibition of cell proliferation by 4D5 is dependent on the ErbB2 expression level (Lewis et al 
Cancer Immunol Immunother. 37:255-263 (1993)). A maximum inhibition of 66% in SK-BR-3 cells could be 
detected (Fig.4B). However this effect could be overcome by exogenous HRG. 

Example 2 

HRG Dependent Association of ErbB2 with ErbB3 is Blocked by Monoclonal Antibody 2C4 

The ability of ErbB3 to associate with ErbB2 was tested in a co-immunoprecipitation experiment. 1 .0 x 1 0 6 
MCF7 or SK-BR-3 cells were- seeded in six.well tissue culture plates in 50:50 DMEM/Ham's F12 medium 
containing 10% fetal bovine serum (FBS) and 10 mM HEPES, pH 7.2 (growth medium), and allowed to attach 
overnight. The cells were starved for two hours in growth medium without serum prior to beginning the experiment 

The cells were washed briefly with phosphate buffered saline (PBS) and then incubated with either 100 nM 
of the indicated antibody diluted in 0.2% w/v bovine serum albumin (BSA), RPM1 medium, with 10 mM HEPES, 
pH 7.2 (binding buffer), or with binding buffer alone (control). After one hour at room temperature, HRG was iidded 
to a final concentration of 5 nM to half the wells (+). A similar volume of binding buffer was added to the other 
wells (-). The incubation was continued for approximately 10 minutes. 

Supernatants were removed by aspiration and the cells were lysed in RPMI, 10 mM HEPES, pH 7.2, 1.0% 
v/v TRITON X-100™, 1.0% w/v CHAPS (lysis buffer), containing 0.2 mM PMSF, 10 ug/ml leupeptin, and 10 
TU/ml aprotinin. The lysates were cleared of insoluble material by centrifugation. 

ErbB2 was immunoprecipitated using a monoclonal antibody covalently coupled to an affinity gel ( Affi-Prep 
10, Bio-Rad). This antibody (Ab-3, Oncogene Sciences) recognizes a cytoplasmic domain epitope. 
Immunoprecipitation was performed by adding 10 u I of gel slurry containing approximately 8.5 ug of immobilized 
antibody to each lysate, and the samples were allowed to mix at room temperature for two hours. The gels were then 
collected by centrifugation. The gels were washed batchwise three times with lysis buffer to remove unbound 
material. SDS sample buffer was then added and the samples were heated briefly in a boiling water bath. 

Supernatants were run on 4-12% polyacrylamide gels and electroblotted onto nitrocellulose membranes. 
The presence of ErbB3 was assessed by probing the blots with a polyclonal antibody against a cytoplasmic domain 
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Example 3 
Humanized 2 C4 Antibodies 
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detected with biotinylated murine anti-human kappa antibody (ICN 634771) followed by streptavidin-conjugated 
horseradish peroxidase (Sigma) and using 3,3',5 r 5 -tetramethyl benzidine (Kirkegaard & Perry Laboratories, 
Gaithersburg, MD) as substrate. Absorbance was read at 450 nm. As shown in Fig. 8A, all binding was lost on 
construction of the CDR-swap human Fab fragment. 

To restore binding of the humanized Fab, mutants were constructed using DNA from the CDR-swap as 
template. Using a computer generated model (Fig. 9), these mutations were designed to change human framework 
region residues to their murine counterparts at positions where the change might affect CDR conformations or the 
antibody-antigen interface. Mutants are shown in Table 2. 

Table 2 

Designation of Humanized 2C4 FR Mutations 



20 



Mutant no. 


Framework region (FR) substitutions 


560 


ArgH71VaJ 


561 


AspH73Arg 


562 


ArgH71Vai, AspH73Arg 


568 


ArgH71Val, AspH73Arg, AiaH49Gly 


569 


ArgH71Val, AspH73Arg, PheH67Ala 


570 


ArgH71Val, AspH73Arg, AsnH76Arg 


571 


ArgH71Val, AspH73Arg, LeuH78Val 


574 


ArgH7IVaI, AspH73Arg, IleH69Leu 


56869 


ArgH71 Val, AspH73Arg, AlaH49Gly, PheH67Ala 



25 



30 



35 



Binding curves for the various mutants are shown in Figs. 8A-C. Humanized Fab version 574, with the 
changes ArgH71 Val, AspH73Arg and I!eH69Leu, appears to have binding restored to that of the original chimeric 
2C4 Fab fragment. Additional FR and/or CDR residues, such as L2, L54, L55, L56, H35 and/or H48, may be 
modified {e.g. substituted as follows - HeL2Thr; ArgL54Leu; TyrL55Glu; ThrL56Ser; AspH35Ser; and ValH4811e) 
in order to further refine or enhance binding of the humanized antibody. Alternatively, or additionally, the 
humanized antibody may be affinity matured (see above) in order to further improve or refine its affinity and/or other 
biological activities. 

Humanized 2C4 version 574 was affinity matured using a phage-display method. Briefly, humanized 
2C4.574 Fab was cloned into a phage display vector as a genelll fusion. When phage particles are induced by 
infection with M 1 3K07 helper phage, this fusion allows the Fab to be displayed on the N-terminus of the phage tail- 
fiber protein, genelll (Baca et al. J Biol Chem. 272: 1 0678 ( 1 997)). 

Individual libraries were constructed for each of the 6 CDRs identified above. In these libraries, the amino 
acids in the CDRs which were identified using a computer generated model (Fig. 9) as being potentially significant 
in binding to ErbB2 were randomized using oligos containing M NNS M as their codons. The libraries were then 
panned against ErbB2 ECD coated on NUNC MAXISORP™ plates with 3% dry milk in PBS with 0.2% TWEEN 
20® (MPBST) used in place of all blocking solutions. In order to select for phage with affinities higher than that 
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After interesting mutations in individual CDRs were idpniifi^w , 



Table 3 

Designation of mi „» nt< . riori yed from a ff.„., r matura , io „ „ f „ A „ A 

Mutant Name Change from S74 

25 H3A1 t,™ Mutant/574" 

1 serH99trp, metH341eu ~~ 

L2 F<5 . „ 0.380 

serL50trp, tyrL53gl y> metH341eu nne ^ 

J thrH28gIn,thrH30ser, metH341eu 0 5?2 

L3.G6 tyrL92pr 0> iIeL93lys, metH341eu 0 569 

30 . tyrL92ser, ileL93arg, «yrL94gly, metH341eu 0 561 

<yrL92phe, tyrL96asn, metH341eu n «. 

L3 36 0.552 

' - l y rL92 P h ^ tyrL94Ieu, tyrL96pro, metH34leu 0 2 1 5 
serL50trp, metH34Ieu 

65< 0.176 
0:0 metH34ser 

659 t « 0 - 542 

serL50trp, metH34ser 

35 I 2 FS a i 0.076 

I tZm serL50trp, tyrL53gly, metH341eu, serH99trp 0 , 75 

HI 3 B3 « A , tyrL92Pr °- HeL93,yS ' metH34,eU ' SerH " ,rp 

L3 Gll HUl 8gh1 ' ,hrH3 ° Ser ' melH34,eU ' SerH "^ 0.306 

654 J ' u ,yrL92Ser> i,eL93arg ' ,yrL94gly ' metH34 ' eU ' SerH99 ^ 0 248 

^.HJ.Al serL50trp,metH341eu,serH99trp n „, 

40 654.L3.G6 wl c n ....... 0133 



654.L3.29 
654.L3.36 



serL50trp, metH34 leu, tyrL92pro, ileL93lys 0 2 j 3 

serL50trp, metH341eu, tyrL92phe, tyrL96asn 0 236 

serL50up, metH3Sleu, tyrL92 P he, tyrL941eu, tyrL96 P ro 0 141 
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*Ratio of the amount of mutant needed to give the mid-OD of the standard curve to the amount of 574 needed to 
give the mid-OD of the standard curve in an Erb2-ECD ELISA. A number less than 1 .0 indicates that the mutant 
binds Erb2 better than 574 binds. 

5 The following mutants have also been constructed, and are currently under evaluation: 

659.L3.G6 serLSOtrp, metH34ser, tyrL92pro, ileL93Iys 

659.L3.G1 1 serLSOtrp, metH34ser, tyrL92ser, ileL93arg, tyrL94gly 

659.L3.29 serL50trp, metH34ser, tyrL92phe, tyrL96asn 

659.L3.36 serLSOtrp, metH34ser, tyrL92phe, tyrL94leu, tyrL96pro 

10 L2F5.L3G6 serLSOtrp, tyrL53gly, metH341eu, tyrL92pro, ileL931ys 

L2F5.L3GI 1 serLSOtrp, tyrL53gly, metH341eu, tyrL92ser, ileL93arg, tyrL94gly 

L2F5.L29 serLSOtrp, tyrL53gly, metH34Ieu, tyrL92phe, tyrL96asn 

L2F5.L36 serLSOtrp, tyrL53gly, metH341eu, tyrL92phe, tyrL941eu, tyrL96pro 

L2F5.L3G6.655 serL50trp, tyrL53gly, metH35ser, tyrL92pro, ileL93lys 

15 L2F5.L3G1 1 .655 serL50trp, tyrL53gly, metH34ser, tyrL92ser, i!eL93arg, tyrL94gly 

L2F5.L29.655 serL50trp, tyrL53gly, metH34ser, tyrL92phe, tyrL96asn 

L2F5.L36.655 serLSOtrp, tyrL53gly, metH34ser, tyrL92phe, tyrL941eu, tyrL96pro 



20 



:25 



40 



The following mutants, suggested by a homology scan, are currently being constructed: 



678 


thrH30ala 


679 


thrH30ser 


680 


lysH64arg 


681 


leuH96val 


682" 


thrL97ala- 


683 


thrL97ser 


684 


tyrL96phe 


685 


tyrL96aia 


686 


tyrL91phe 


687 


thrL56ala 


688 


glnL28ala 


689 


glnL28glu 



30 

689 

The preferred amino acid at H34 would be methionine. A change to leucine might be made if there were 
found to be oxidation at this position. 

AsnH52 and asnH53 were found to be strongly preferred for binding. Changing these residues to alanine 
35 or aspartic acid dramatically decreased binding. 

An intact antibody comprising the variable light and heavy domains of humanized version 574 with a 
human IgGl heavy chain constant region has been prepared (see U.S. Patent No. 5,821,337). The intact antibody 
is produced by Chinese Hamster Ovary (CHO) cells. That molecule is designated rhuMAb 2C4 herein. 



Example 4 

Monoclonal Antibody 2C4 Blocks EGF. TGF-q or HRG Mediated Activation of MAPK 

Many growth factor receptors signal through the mitogen-acti vated protein kinase (MAPK) pathway. These 
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oi MAPK was assessed in the following way. 
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o„„. p ," < "" >Cl0 "" 1 amib0<ly 2 " - — » (HRC, d ep.„ d e„, Akl a a ,iva,;o„Ac, i ,a,ion 
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L246 VinQQQ.. i u • (1996). and Krymskaya e/ a/. /./,«. 7. P/m/W. 276- 

mIZ ri r::™ r — - ce,is ~ 2c4 — — — « T 
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Example 5 

Combination of Monoclonal Antibody 2C4 and HER£EPTIN® in -f rr 

HER2 m A 7T m0de ' USi " 8 1Ung adenOCarCln ° ma «° C *'^ was used to assess the efficacy 
HER2 monoc.ona, ant.bod.es, either alo „ e or in combination, to suppress tumor growth Fema.e NCR nude Zl 

^—--eachedavo^ 

(a) control monoclonal antibody, MAb 1766; 
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(b) HERCEPTIN®, lOmg/kg; 

(c) monoclonal antibody 7C2, 10 mg/kg; 

(d) monoclonal antibody 2C4, 10 mg/kg; 

(e) HERCEPTIN® and 7C2, each at 10 mg/kg; 

5 (0 HERCEPTIN® and 2C4, each at 1 0 mg/kg; and 

(g) Monoclonal antibodies 2C4 and 7C2, each at 10 mg/kg. 
Animals were treated twice per week until day 24. Tumor volumes were measured twice per week until day 38 . 

As shown in the bar graph in Fig. 11, treatment of the Calu-3 tumor-bearing mice with 2C4 or 
HERCEPTIN® significantly inhibited the growth of the tumors. The combination of HERCEPTIN® and 2C4 or 
10 HERCEPTIN® and 7C2 was superior to either monoclonal antibody administered alone. 

Example 6 

Treating Colorectal Cancer with Monoclonal Antibody 2C4 
Human colorectal cell lines such as HCA-7, LS174T or CaCo-2 are implanted subcutaneously in athymic 
nude mice as described in Sheng et al J. Clin. Invest. 99:2254-2259 (1997). Once tumors are established to about 
15 100 mm 3 in volume, groups of animals are treated with 10-50 mg/kg of monoclonal antibody 2C4 administered 
twice weekly by injection in the intraperitoneal cavity. Monoclonal antibody 2C4 suppresses growth of colorectal 
xenografts in vivo. 

Example 7 

Treating Breast Cancer with Humanized 2C4 

20 The effect of rhuMAb 2C4 or HERCEPTIN® on human breast cancer cells which do not overexpress 

ErbB2 was assessed in a 3 day Alamar Blue assay (Ahmed, S. A. J. Immunol. Methods 170:21 1-224 (1994); and 
Page et al Int. J. Oncol 3:473-476 ( 1 994)). The cells used in this assay were MDA- 1 75 human breast cancer cells 
which express ErbB2 at a 1+ level. As shown in Fig. 12, the growth of the breast cancer cell line, MDA-175, is 
significantly inhibited in a dose-dependent manner by the addition of rhuM Ab 2C4 in comparison to HERCEPTIN® 

25 treatment. 

The efficacy of rhuMAb 2C4 against MCF7 xenografts which are estrogen receptor positive (ER+) and 
express low levels of ErbB2 was assessed. Female mice supplemented with estrogen were used. rhuMAb 2C4 was 
administered at a dose of 30mg/kg every week. As shown in Fig. 13, rhuMAb 2C4 was effective in inhibiting breast 
cancer tumor growth in vivo, where the breast cancer was not characterized by overexpression of ErbB2. 
30 Example 8 

Pharmacokinetics, Metabolism and Toxicology of 2C4 
rhuMAb 2C4 was stable in human serum. No evidence or aggregates of complex formation in biological 
matrices was observed. In mice, rhuMAb 2C4 cleared faster than HERCEPTIN®. Pharmacokinetic studies indicate 
that weekly administration of about 2-6mg/kg of rhuMAb 2C4 should result in serum concentrations similar to 
35 HERCEPTIN® as presently dosed. Resulting serum 2C4 exposure should greatly exceed IC M) determined in vitro. 

A toxicology study was carried out in cynomolgus monkeys (2 males and 2 females per group). rhuMab 
2C4 was administered intravenously at 0, 10, 50 or 100 mg/kg twice a week for 4 weeks. The toxicology study 
measurements included body weights (-2, -1 weeks and weekly thereafter); food consumption (qualitative, daily); 
physical examinations with assessment of blood pressure, electrocardiogram (ECG), and body temperature (-2,-1 
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Example 9 
Dose Escalation 

4 „ ,n C 7 r r ieMS admi, " Slerel ' " n ™ tee "™ M « 2C4 4, one off™ lose ,..e, s ,0.05.0 5 2 0 
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i J aisease are eligible for extension studies. 

Example 10 

Therapy of R,l an „ d „ R afr , a ,„ rT M.^.ar Pnn...,. 

RhoMab 2C4 b.oehs ,he assured „r ErhB2 w„h o,„e, EebB fa mily others .hereby inhibit «„, 
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leuprolide; suramin; a chemotherapeutic agent such as vinblastine, estramustine, miloxantrone, liarozole (a retinoic 
acid metabolism-blocking agent), cyclophosphamide, anthracycline antibiotics such as doxorubicin, a taxane (e.g. 
paclitaxei or docetaxel), or methotrexate, or any combination of the above, such as vinblastine/estramustine or 
cyclophosphamide/doxorubicin/methotrexate; prednisone; hydrocortizone; or combinations thereof. Standard doses 
5 for these various drugs can be administered, e.g. 40 mg/m 2 /wk docetaxel (TAXOTERE®); 6 (AUC) carboplattn; and 
200mg/m 2 paclitaxei (TAXOL®). 

Example 11 
Therapy of Metastatic Breast Cancer 

RhuMAb 2C4 is indicated as a single agent for treatment of metastatic breast cancer patients whose tumors 
10 do not overexpress ErbB2. Primary endpoints for efficacy include response rate and safety. Secondary efficacy 
endpoints include: overall survival, time to disease progression, quality of life, and/or duration of response. RhuMAb 
2C4 is administered intravenously (IV) weekly or every three weeks at 2 or 4 mg/kg, respectively, until disease 
progression. The antibody is supplied as a multi-dose liquid formulation (20mL fill at a concentration of 20mg/mL 
or higher concentration). 

1 5 RhuMAb 2C4 is also indicated in combination with chemotherapy for treatment of metastatic breast cancer 

patients whose tumors do not overexpress ErbB2. Primary endpoints for efficacy include overall survival compared 
to chemotherapy alone, and safety. Secondary efficacy endpoints include: time to disease progression, response rate, 
quality of life, and/or duration of response. RhuMAb 2C4 is administered intravenously (IV) weekly or every three 
weeks at 2 or 4 mg/kg, respectively, until disease progression. The antibody is supplied as a multi-dose liquid 

20 formulation (20mL fill at a concentration of 20mg/mL or higher concentration). 

Examples of drugs that can be combined with the anti-ErbB2 antibody- (which blocks Hgand activation of 

• r - an ErbB2 receptor) to treat breast cancer (e.g. metastatic breast cancer which is not characterized by ErbB2 
overexpression) include chemotherapeutic agents such as anthracycline antibiotics (e.g. doxorubicin), 
cyclophosphomide, a taxane (e.g. paclitaxei or docetaxel), navelbine, xeloda, mitomycin C, a platinum compound, 

25 oxaliplatin, gemcitabine, or combinations of two or more of these such as doxorubicin/cyclophosphomide; another 
anti-ErbB2 antibody (e.g. a growth inhibitory anti-ErbB2 antibody such as HERCEPTIN®, or an anti-ErbB2 
antibody which induces apoptosis such as 7C2 or 7F3, including humanized or affinity matured variants thereof); 
an anti-estrogen (e.g. tamoxifen); a farnesyl transferase inhibitor; an anti-angiogenic agent (e.g. an anti-VEGF 
antibody); an EGFR-targeted drug (e.g. C225 or ZD1839); a cytokine (e.g. IL-2, IL-12, G-CSF or GM-CSF); or 

30 combinations of the above. Standard dosages for such additional drugs may be used. 

RhuMAb 2C4 is additionally indicated in combination with HERCEPTIN® for treatment of metastatic 
breast cancer patients whose tumors overexpress ErbB2. Primary endpoints for efficacy include response rate, and 
safety. Secondary efficacy endpoints include: time to disease progression, overall survival compared to 
HERCEPTIN® alone, quality of life, and/or duration of response. RhuMAb 2C4 is administered intravenously (IV) 

35 weekly or every three weeks at 2 or 4 mg/kg, respectively, until disease progression. The antibody is supplied as a 
multi-dose liquid formulation (20mL fill at a concentration of 20mg/mL or higher concentration). HERCEPTIN® 
is administered IV as an initial loading dose of 4mg/kg followed by a weekly maintenance dose of 2 mg/kg. 
HERCEPTIN® is supplied as a lyophilized powder. Each vial of HERCEPTIN® contains 440mg HERCEPTIN®, 
9.9 mg L-histidine HC1, 6.4 mg L-histidine, 400 mg a-a-trehalose dihydrate, and 1.8 mg polysorbate 20. 
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Therapy of Tun g Cancer 
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Example 13 
Therapy o f Colorectal cancer 
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antibody which binds ErbB2 and blocks ligand activation of an ErbB receptor, include 5-fluorouracil (5-FU), 
leucovorin (LV), CPT-11, levamisole, or combinations of any two or more of these, e.g., 5-FU/LV/CPT-l 1 . 
Standard dosages of such chemotherapeutic agents can be administered. Other drugs that may be combined with the 
anti-ErbB2 antibody to treat colorectal cancer include a farnesyl transferase inhibitor; an anti-angiogenic agent (e.g. 
5 an anti-VEGF antibody); an EGFR-targeted drug (e.g. C225 or ZD 1 839); a cytokine (e.g. IL-2, IL-12, G-CSF or 
GM-CSF); another anti-ErbB2 antibody (e.g. a growth inhibitory anti-ErbB2 antibody such as HERCEPTIN®, or 
an anti-ErbB2 antibody which induces apoptosis such as 7C2 or 7F3, including humanized or affinity matured 
variants thereof); or combinations of the above. 
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What is claimed is: 



5 

2. 
3. 

3 4. 



7. 



(EGFR), comprising administering to th, h u ,aclor rece P«°' 

' 6 hUn,a " 3 effective amount of an antibody which 

The method of claim , wherein the amjbody bIocks ijgand actjva(jon ^ ^ recep(or 

The method o fcl a, m 2 wherem the ^ ^ ^ rf ^ ^ ^ ^ 

The method of Cairn , wherem ,he ca„ce r is charactered by ex cess,ve action of EGFR. 

The method of c.aim 4 wherein the cancer overexposes an ErbB ,i gand . 

The method of claim 5 wherein the ErbB ligand is transforming growth factor a.pha (TGF-a). 

The method of Cairn , where.n the c a „cer is not charactered b y overexpression of ErbB 2 receptor. 

ci:::: e r m 1 where,n the — is se,e - d - - — . . - - 



eutic agent to the human. 



'0. The method of Cairn 9 further comprising administering a chemotherap, 

»■ The method of claim ,0 wherein .he chemotherapeutic agen, r select f „ 

nuorouraci, ( ,FU), ieucovorin (L V), CPT-, , Z J^U. ' ^ 

»2. The method of Cairn 1 wherein the cancer is lung cancer. 

13- The method of Cairn ,2 wherein the cancer is non- sma „ ce „ , U ng ca nce, 

H. The method of Cairn , 2 further comprising administering a chemotherapeut.c agent to the human. 

15. The method of Cairn ,4 wherein the chemotherapeutic aeent is selected from the 

»xane. gemCtabme. nave.bme, c.sp.atm, oxa M atm, and^o^ " " 3 
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17. The method of claim 16 wherein the antibody comprises monoclonal antibody 2C4 or humanized 2C4. 

18. The method of claim 1 wherein the antibody is an antibody fragment. 

5 19. The method of claim 18 wherein the antibody fragment is a Fab fragment. 

20. The method of claim 1 wherein the antibody is not conjugated with a cytotoxic agent. 

21. The method of claim 18 wherein the antibody fragment is not conjugated with a cytotoxic agent. 

22. The method of claim 1 wherein the antibody is conjugated with a cytotoxic agent. 



23. The method of claim 1 further comprising administering to the human a therapeutically effective amount 
of a second therapeutic agent selected from the group consisting of a second different antibody which binds 
15 ErbB2, a chemotherapeutic agent, an EGFR-targeted drug, an anti-angiogenic agent, an anti-hormonal 

compound, a cardioprotectant, and a cytokine. 



24. The method of claim 1 comprising administering at least one dose of the antibody to the human 



20 



in an 



amount from about 0.5mg/kg to about lOmg/kg. 



25. The method of_claim 24_comprising administering the dose abojit _every week. 

26. The method of claim 24 comprising administering the dose about every three weeks. 



25 27. A method of treating cancer in a human, wherein the cancer is not characterized by overexpression of the 
ErbB2 receptor, comprising administering to the human a therapeutically effective amount of an antibody 
which binds to ErbB2 and blocks ligand activation of an ErbB receptor. 

28. The method of claim 27 wherein the cancer is breast cancer. 

30 

29. The method of claim 28 wherein the cancer is metastatic breast cancer. 

30. The method of claim 28 further comprising administering a chemotherapeutic agent to the human. 

35 31 The melh <>d of claim 30 wherein the chemotherapeutic agent is selected from the group consisting of an 
anthracycline antibiotic, cyclophosphomide, a taxane, navelbine, xeloda, mitomycin C, oxaliplatin, 
gemcitabine, and a platinum compound. 

32. A method of treating cancer in a human comprising administering to the human therapeutically effective 
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amounts of (a) a first antibody which binds ErbB2 and inhibits growth of cancer cells which overexpress 
ErbB2; and (b) a second antibody which binds ErbB2 and blocks .igand activation of an ErbB receptor. 

33. The method of claim 32 wherein the first antibody comprises monoc.ona. antibody 4D5 or humanized 4D5 
and the second antibody compnses monoclonal antibody 2C4 or humanized 2C4. 

34. A method of treating cancer in a human, wheretn the cancer is selected from the group consisting of colon 
recta, and colorectal cancer, comprising administering to the human a therapeutica.ly effective amount of 
an ant.body which binds ErbB2 and blocks ligand activation of an ErbB receptor. 

An article of manufacture comprising a container and a composite conta.ned therem, wherein the 
composmon compnses an antibody which binds ErbB2, and further comprising a package insert indicate 
that the composttion can be used to treat cancer which expresses epiderma. growth factor receptor (EGFR)' 

An article of manufacture comprising a container and a composttion conta.ned therein, wherein the 
composmon comprises an antibody which binds ErbB2 and blocks ligand activation of an ErbB receptor 
and furthercomprising a package insert indtcatmg that the composite can be used to treat cancer wherein 
the cancer ls not characterized by overexpression of the ErbB2 receptor. 

An article of manufacture comprising (a) a firs, container with a composition contained therein, wherein 
.he composttion compnses a first antibody which binds ErbB2 and inhib.ts growth of cancer cells which 
overexpress ErbB2; and (b) a second container with a composite contained therein, wherein the 
composmon comprises a second antibody which binds ErbB2 and blocks ligand activation of an ErbB 
receptor. 

38. The article or manufacture of claim 37 further comprising a package mser, indicating that the first and 
second antibody compositions can be used to treat cancer. 

39. An article of manufacture comprising a container and a composition contained therein, wherein the 
composttton comprises an antibody which binds ErbB2 and blocks ligand activation of an ErbB receptor 
and further comprising a package insert indicating that the composition can be used to treat a cancer 
selected from the group consisting of colon, rectal and colorectal cancer. 



37. 



40. 



A humanized antibody which bmds ErbB2 and blocks .igand activation of an ErbB receptor. 



4 1 The humanized antibody of c.aim 40 which binds ErbB2 essenually as effectively as murine monoc.ona. 
antibody 2C4. 



42. The humanized antibody of claim 40 comprising a variable heavy (V B ) domain 



which comprises nonhuman 
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hypervariable region residues incorporated into a human V H domain and further comprises a framework 
region (FR) substitution at a position selected from the group consisting of 69H, 71H and 73H, utilizing 
the numbering system set forth in Kabat (1991). 

43. The humanized antibody of claim 42 comprising FR substitutions at positions 69H, 7IH and 73H. 

44. The humanized antibody of claim 40 comprising V H domain complementarity determining region (CDR) 
residues GFTFTDYTMX (SEQ ID NO:7); DVNPNSGGSIYNQRFKG (SEQ ID NO:8); and 
NLGPSFYFDY (SEQ ID NO:9). 

45. The humanized antibody of claim 40 comprising the V H domain amino acid sequence in SEQ ID NO:4. 

46. The humanized antibody of claim 40 comprising variable light (V L ) domain complementarity determining 
region (CDR) residues KASQDVSIGVA (SEQ ID NO:10); SASYXXX (SEQ ID NO:ll); and 
QQYYIYPYT (SEQ ID NO: 12). 

47. The humanized antibody of claim 40 comprising the V L domain amino acid sequence in SEQ ID NO:3. 

48. The humanized antibody of claim 40 which is an intact IgGl antibody. 

49. The humanized antibody of claim 40 which is an antibody fragment. 

50. The humanized antibody of claim 49 which is a Fab fragment. 

51. An affinity matured antibody which binds ErbB2 and blocks ligand activation of an ErbB receptor. 

52. A composition comprising the humanized antibody of claim 40 and a pharmaceutical^ acceptable carrier. 

53. An immunoconjugate comprising the humanized antibody of claim 40 conjugated with a cytotoxic agent. 

54. Isolated nucleic acid encoding the humanized antibody of claim 40. 

55. A vector comprising the nucleic acid of claim 54. 

56. A host cell comprising the vector of claim 55. 

57. A process of producing a humanized antibody comprising culturing the host cell of claim 56 so that the 
nucleic acid is expressed. 
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58. The process of claim 57 further comprising recovering the humanized antibody from the host ce.l culture. 

59. The process of claim 58 wherein the humanized antibody is recovered from the host cel. cu.ture med.um. 
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Fig. 7A: Variable Light 



2C4 
574 

hum kI 

2C4 
574 



!0 20 30 40 

DTVMTQSHKIMSTSVGDRVSITC [ KASQDVSIGVA] WYQORP 
* * ***** * J ^ w 

* 

DIQMTQSPSSLSASVGDRVTITC (KASQDVSIGVA] WYQQKP 



* * * * * 



DIQMTQSPSSLSASVGDRVTITC [ RASQSISNYLA] WYQQKP 



50 60 70 80 

GQSPKLLIY [ SASYRYT] GVPDRFTGSGSGTDFTFTISSVQA 



GKAPKLLIY [SASYRYT] GVPSRFSGSGSGTDFTLTISSLQP 

****** 

hum KI GKAPKLLIY [AASSLES] GVPSRFSGSGSGTDFTLTISSLQP 
2C4 EDLAVYYC [QQYYI YPYT] FGGGTKLEIK (SEQ ID NO:l) 

* * * * 

574 EDFATYYC [QQYYI YPYT] FGQGTKVEIK (SEQ ID NO: 3) 

* * * * 

hum KI EDFATYYC [QQYNSLPWT] FGQGTKVEIK (SEQ ID NO: 5) 
Fig. 7B: Variable Heavy 

, r< 10 20 30 40 

^<~4 EVQLQQSGPELVKPGTSVKI SCKAS [GFTFTDYTMD] WVKQS 

********** 
574 EVQLVESGGGLVQPGGSLRLSCAAS [GFTFTDYTMD] WVRQA 

* * * * 

hum in EVQLVESGGGLVQPGGSLRLSCAAS [GFTFSSYAMS] WVRQA 



50 a 60 70 80 

2C4 HGKSLEWIG [ DVNPNSGGSI YNQRFKG] KASLTVDRSSRIVYM 



* * * * * 



574 PGKGLEWVA [ DVNPNSGGSI YNQRFKG] RFTLSVDRSKNTLYL 

****** *** **** * + ^ 

hum III PGKGLEWVA [ VISGDGGSTYYADSVKG] RFTISRDNSKNTLYL 



:abc 90 lOOab no 

ELRSLTFEDTAVYYCAR [NLGPSFYFDY] WGQGTTLTVSS (SEQ ID NO:2) 



* * 

574 QMNSLRAEDTAVYYCAR [NLGPSFYFDY] WGQGTLVTVSS (SEQ ID NO: 4) 

******** 

hum III QMNSLRAEDTAVYYCAR [GRVGYSLYDY] WGQGTLVTVSS (SEQ ID NO: 6) 
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Sequence Listing 

<110> Genentech, Inc. 

5 <120> Humanized Anti-ErbB2 Antibodies and Treatment with 
Anti-ErbB2 Antibodies 

<130> P1467R2PCT 

10 <141> 2000-06-23 

<150> US 60/141,316 
<151> 1999-06-25 

15 <160> 13 

<210> 1 
<211> 107 
<212> PRT 
20 <213> Mus Musculus 

<400> 1 

Asp Thr Val Met Thr Gin Ser His Lys lie Met Ser Thr Ser Val 
15 10 15 



25 



40 



45 



55 



Gly Asp Arg Val Ser lie Thr Cys Lys Ala Ser Gin Asp Val Ser 
20 25 30 



He Gly Val Ala Trp Tyr Gin Gin Arg Pro Gly Gin Ser Pro Lys 
30 35 40 45 

Leu Leu He Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Asp 
50 55 60 

35 Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr He 

65 70 75 

Ser Ser Val Gin Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gin Gin 
80 85 90 



Tyr Tyr He Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu 
95 100 105 

He Lys 



<210> 2 

<211> 119 

<212> PRT 

50 <213> Mus musculus 

<400> 2 

Glu Val Gin Leu Gin Gin Ser Gly Pro Glu Leu Val Lys Pro Gly 
15 10 15 



Thr Ser Val Lys He Ser Cys Lys Ala Ser Gly Phe Thr Phe Thr 
20 25 30 



Asp Tyr Thr Met Asp Trp Val Lys Gin Ser His Gly Lys Ser Leu 

60 35 40 45 

Glu Trp He Gly Asp Val Asn Pro Asn Ser Gly Gly Ser He Tyr 

50 55 60 
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Asn Gin Arg Phe Lys Gly Lys Ala Ser Leu Thr Val Asp Arg Ser 
65 70 75 

Ser Arg He Val Tyr Met Glu Leu Arg Ser Leu Thr Phe Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr 

Phe Asp Tyr Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser 



110 115 



<210> 3 
<211> 107 
<212> PRT 
<213> artificial 



<400> 3 

Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 

5 10 15 

Gly Asp Arg Val Thr lie Thr Cys Lys Ala Ser Gin Asp Val Ser 



20 



He Gly val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 

35 40 45 

Leu Leu He Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val 



Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr 



65 



70 



Pro Ser 
60 



Leu Thr He 
75 



Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 



85 



90 



Tyr Tyr He Tyr Pro Tyr Thr Phe Gly Gin Gly Thr Lys Val Glu 

95 ioo ' 105 

He Lys 

<210> 4 

<211> 119 

<212> PRT 

<213> artificial 

<220> 

<221> artificial 
<222> 1-119 
<223> Fab 574 VH 

<400> 4 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 

5 10 15 

Gly ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr 
20 25 30 

35 --- , Leu 



Asp Tyr Thr Met Asp Trp Val Arg Gin Ala Pro Gly Lys Gly 
35 40 

Glu Trp Val Ala Asp Val Asn Pro Asn Ser Gly Gly Ser He Tyr 



50 
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Asn Gin Arg Phe Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser 

65 70 75 

Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 

5 80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr 

95 100 105 

10 Phe Asp Tyr Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser 

110 115 

<210> 5 
<211> 107 
15 <212> PRT 

<213> artificial 

<400> 5 

Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 

20 1 5 10 15 

Gly Asp Arg Val Thr lie Thr Cys Arg Ala Ser Gin Ser lie Ser 

20 25 30 

25 Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 

35 40 45 



30 



60 



Leu Leu lie Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lie 
65 70 75 



Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 
35 80 85 90 

Tyr Asn Ser Leu Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu 
95 100 105 

40 lie Lys 

<210> 6 
<211> 119 
45 <212> PRT 

<213> artificial 

<400> 6 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
50 1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

55 Ser Tyr Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 

35 40 45 

Glu Trp Val Ala Val He Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 
50 55 60 



Ala Asp Ser Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser 

65 70 75 

Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 

-3- 



-BNSDCCID: <WO____010024SA2_L> 



WO 01/00245 

80 



85 



15 



20 



30 



50 



PCT/USOO/17366 

90 

Thr Ala Val Tyr Tyr Cys Ala Arg Gly ^ ^ Qly ^ ^ ^ 
Tyr Asp Tyr Trp Gly Gin Gly Thr L eu Val Thr Val Ser Ser 



105 



<210> 7 
10 <211> 10 
<212> PRT 

<213> Mus musculus 



<220> 

<221> unsure 
<222> 10 

<223> unknown amino acid 
<400> 7 

Gly Phe Thr Phe Thr Asp Tyr Thr Met Xaa 

5 10 



<210> 8 
<211> 17 
25 <212> PRT 

<213> Mus musculus 



<400> 8 



Asp val Asn Pro Asn Ser Gly Gly Ser lie Tyr Asn Gin Ar g Phe 
Lys Gly 



io 15 



35 <210> 9 
<211> io 
<212> PRT 

<213> Mus musculus 
40 <400> 9 

Asn Leu Gly Pro Ser Phe Tyr Phe Asp Tyr 

5 10 

<210> 10 
45 <211> 11 
<212> PRT 

<213> Mus musculus 



<400> 10 

Lys Ala Ser Gin Asp Val Ser lie Gly Val Ala 



5 10 



<210> 11 
<211> 7 
55 <212> PRT 

<213> Mus musculus 

<220> ~ 
<221> unsure 
60 <222> 5-7 

<223> unknown amino acid 

<400> 11 
Ser Ala Ser Tyr Xaa Xaa Xaa 
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1 5 

<210> 12 
<211> 9 
5 <212> PRT 

<213> Mus musculus 

<400> 12 

Gin Gin Tyr Tyr lie Tyr Pro Tyr Thr 
10 1 5 

<210> 13 
<211> 645 
<212> PRT 
15 <213> human 

<400> 13 

Met Glu Leu Ala Ala Leu Cys Arg Trp Gly Leu Leu Leu Ala Leu 
15 10 15 

Leu Pro Pro Gly Ala Ala Ser Thr Gin Val Cys Thr Gly Thr Asp 
20 25 30 



20 



Met Lys Leu Arg Leu Pro Ala Ser Pro Glu Thr His Leu Asp Met 

25 35 40 45 

Leu Arg His Leu Tyr Gin Gly Cys Gin Val Val Gin Gly Asn Leu 

50 55 60 

30 Glu Leu Thr Tyr Leu Pro Thr Asn Ala Ser Leu Ser Phe Leu Gin 

65 70 75 



35 



50 



Asp lie Gin Glu Val Gin Gly Tyr Val Leu lie Ala His Asn Gin 

80 85 90 

Val Arg Gin Val Pro Leu Gin Arg Leu Arg He Val Arg Gly Thr 

95 100 105 



Gin Leu Phe Glu Asp Asn Tyr Ala Leu Ala Val Leu Asp Asn Gly 

40 110 115 120 

Asp Pro Leu Asn Asn Thr Thr Pro Val Thr Gly Ala Ser Pro Gly 

125 130 135 

45 Gly Leu Arg Glu Leu Gin Leu Arg Ser Leu Thr Glu He Leu Lys 

140 145 150 



Gly Gly Val Leu He Gin Arg Asn Pro Gin Leu Cys Tyr Gin Asp 
155 160 165 

Thr He Leu Trp Lys Asp He Phe His Lys Asn Asn Gin Leu Ala 
170 175 180 



Leu Thr Leu He Asp Thr Asn Arg Ser Arg Ala Cys His Pro Cys 

55 185 190 195 

Ser Pro Met Cys Lys Gly Ser Arg Cys Trp Gly Glu Ser Ser Glu 

200 205 210 

60 Asp Cys Gin Ser Leu Thr Arg Thr Val Cys Ala Gly Gly Cys Ala 

215 220 "* 225 

Arg Cys Lys Gly Pro Leu Pro Thr Asp Cys Cys His Glu Gin Cys 

230 235 240 
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Ala Ala Gly Cys Thr Gly Pro Lys Has Ser Asp Cys Leu Ala Cys 

245 2 | 5 



Leu His Phe Asn His Ser Gly He C ys Glu Leu His Cys Pro Ala 

2b5 270 

Leu val Thr Tyr Asn Thr Asp Thr Phe Glu Ser Met Pro Asn Pro 

280 285 

Glu Gly Arg Tyr Thr Phe Gly Ala Ser Cys Val Thr Ala Cys Pro 
290 2 95 300 

Tyr Asn Tyr Leu Ser Thr Asp Val Gly Ser Cys Thr Leu Val Cys 

310 315 

Pro Leu His Asn Gin Glu Val Thr Ala Glu Asp Gly Thr Gin Arg 



325 



330 



Cys Glu Lys Cys Ser Lys Pro Cys Ala Arg Val Cys Tyr Gly Leu 

335 3 40 345 

Gly Met Glu His Leu Arg Glu Val Arg Ala Val Thr Ser Ala Asn 

350 3 55 360 

He Gin Glu Phe Ala Gly Cys Lys Lys He Phe Gly Ser Leu Ala 
365 370 3?5 

Phe Leu Pro Glu Ser Phe Asp Gly Asp Pro Ala Ser Asn Thr Ala 
380 385 390 

Pro Leu Gin Pro Glu Gin Leu Gin Val Phe Glu Thr Leu Glu Glu 
395 400 405 

He Thr Gly Tyr Leu Tyr lie Ser Ala Trp Pro Asp Ser Leu Pro 
410 415 420 

Asp Leu Ser Val Phe Gin Asn Leu Gin VU lie Arg Gly Arg He 



35 



430 



435 



Leu His Asn Gly Ala Tyr Ser Leu Thr Leu Gin Gly Leu Gly He 



445 



450 



Ser Trp Leu Gly Leu Arg Ser Leu Arg Glu Leu Gly Ser Gly Leu 
45 455 460 y 465 

Ala Leu He His His Asn Thr His Leu Cys Phe Val His Thr Val 
470 475 480 

5Q Pro Trp Asp Gin Leu Phe Arg Asn Pro His Gin Ala Leu Leu His 

485 490 495 

Thr Ala Asn Arg Pro Glu Asp Glu Cys Val Gly Glu Gly Leu Ala 

505 510 
Cys His Gin Leu Cys Ala Arg Gly His Cys Trp Gly Pro Gly Pro 
515 520 525 

Thr Gin Cys Val Asn Cys Ser Gin Phe Leu Arg Gly Gin Glu Cys 
60 530 535 540 

Val Glu Glu Cys Arg Val Leu Gin Gly Leu Pro Arg Glu Tyr Val 
545 550 555 



Asn Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gin Pro Gin 
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560 565 570 

Asn Gly Ser Val Thr Cys Phe Gly Pro Glu Ala Asp Gin Cys Val 

575 580 585 

Ala Cys Ala His Tyr Lys Asp Pro Pro Phe Cys Val Ala Arg Cys 

590 595 600 

Pro Ser Gly Val Lys Pro Asp Leu Ser Tyr Met Pro lie Trp Lys 

605 610 ' 615 

Phe Pro Asp Glu Glu Gly Ala Cys Gin Pro Cys Pro lie Asn Cys 

620 625 630 

Thr His Ser Cys Val Asp Leu Asp Asp Lys Gly Cys Pro Ala Glu 

635 640 645 
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